ct 


PALASM® 4 Reference Guide Advanced 
1992 Micro 


Devices 


PALASM® 4 User's MANUAL 


VOLUME 2 - PALASM 4 REFERENCE GUIDE 


© 1991 Advanced Micro Devices, Inc. TEL: 408-732-2400 

901 Thompson Place TWX: 910339-9280 

P.O. Box 3453 TELEX: 34-6306 
Sunnyvale, CA 94088 TOLL FREE: 800-538-8450 


APPLICATIONS HOTLINE: 800-222-9323 


DocVer 2.0 | PALASM 4 USER'S MANUAL 
May 1992 


Advanced Micro Devices reserves the right to make changes in specifications at any time and without 
notice. The information furnished by Advanced Micro Devices is believed to be accurate and reliable. 
However, no responsibility is assumed by Advanced Micro Devices for its use, nor for any infringements 
of patents or other rights of third parties resulting from its use. No license is granted under any patents 
or patent rights of Advanced Micro Devices. 


IBM® is a registered trademark of International Business Machines Corporation. 
ABEL™ is a trademark of Data I/O Corporation. 


IBM PC™, PC AT™, PC AT™, and PS/2™ are trademarks of International Business Machines 
Corporation. 


MS-DOS™ is a trademark of Microsoft Corporation. 


PAL® and PALASM® are registered trademarks and MACH™ is a trademark of Advanced Micro 
Devices, Inc. 


OrCAD® and OrCAD SDT/II® are registered trademarks of OrCAD. 


PALASM 4 USER’S MANUAL 
I May 1992 


PALASM 4 USER's MANUAL 


VOLUME 1 - PALASM 4 Getting Started and MACH Workbook 
Preface 
Acknowledgements 


Section I: Getting Started 


Chapter 1: Installation Guide 
Chapter 2: —— Entry Demonstration 


ic-Based MACH Design Demonstration 


Section II: Designer’s Guide 


Chapter 4: Entry 
Chapter 5: Compilation / Fitting 
Chapter6: Simulation 


MACH Design Workbook 


VOLUME 2 - PALASM 4 Reference Guide 


Section III: Library Reference 


PALASM 4 USER’S MANUAL | 
a 
May 1992 lil 


Section IV: Software Reference 


Chapter 9: Menus and Commands 
Chapter 10: Language Reference 
Chapter 11: Device Programming Reference 


Section V: Appendices 
Appendix A: PLD Text Editor 


Section VI: Glossary / Index 
Glossary 
Index 
PALASM 4 USER’S MANUAL 


May 1992 


TABLE OF CONTENTS 


VOLUME 1 - Getting Started and MACH Workbook 
SECTION I: GETTING STARTED 


CHAPTER 1: INSTALLATION GUIDE 


1.1 REQUIREMENTS ie cecuitnticscnchatiiticascint cancun de dinumcinh eas Relataaats: 1-2 
WW! SHARD WARE seesseccetscoedctczansd dernects iste ositiacratchoceste duectanenadictas te, focs boise 122 
i eMC | ca Bs )/-|2 | a Pe ee eee eee 1-3 
DS a retreat ee ee 1-4 
12%, INS TALGA TION cticicsiceseccetioncatutentninliesteanconsadeitiiunacceenenees 4 
12D  <CONEIGUPIA TION vectcie.esiiesarcecciacest ie bd tarnsseh ieenacite A lecoscheeseeietiiectea 1-11 
ec [© 2 0| =) 9-01 cho RO Pe ee eo Tee One nee nee rey 1-12 
ec a Sem -(C (| => Ce en RE NT eI nTe nna Teste emer eee eT 1-12 


TS. “CONFIG. SVS esesdeccscere tic erties heaveasldieces omeutieatninticdunas ae euene: 1-12 


CHAPTER 2: DESIGN ENTRY 


2.1 CREATING A: TEXT-BASED: DESIGN tgecutentiscin Seiennanuasudicanactecdentencel aie saendauas sea eetteader= 2-3 
2A BEGIN THE ‘DESIGN esstacieatestieaseeuscrtiaterseauedeettackcicnsavarciiastetedsdanpeareeence: 2-5 
2.1.2  FILLIN THE PDS DECLARATION-SEGMENT FORM ............cccsescceseeessssneneees 2-7 
2.1.3 COMPLETE THE PDS FILE USING A TEXT EDITOR... eee ictaiemes 2-14 
22 SCHEMATIC-BASED DESIGN ENTRY scsscassctcenstwosetisaicactceoteseansnve cosnssocesecicentenctoametenens 2-17 
2.2.1 BEGIN THE DESIGN wicdiesdecetvcs cauhstaaupctesetenesttmrosoced Sctaihnnecvtnededetenenscommneceeaeaunes 2-19 
2.2.2 FILL IN THE SCHEMATIC CONTROL-FILE FORM.........ecccccceessseetsseseeeeeeees 2-22 
2.2.3 CREATE THE SCHEMATIC... .......ccccccccccencscererensossenececeeeneesssaransaccasteereecenees 2-24 
2.3 MERGING MULTIPLE PDS FILES... eee eeeeeseeeeeeseneneeeeneeetennenenneneeensnneneegs seveees 2-30 
2.3.1 SET UP secs fost cevekvecvcacdasa sas aladistaauauabcuebeee sa sbacentiweeniesapeeeeeconctaebis ene tectseaniennted 2-31 
2.3.2 RETRIEVE FILES... sescsssesseseneeeeeesenecensenecetsesetenassenesassnereesnseeresenen eee 2-33 
2.3.3 RESOLVE CONFLICTS 2... ccs teeereneeneeeeceteeeeseessanausoaeestenesenseseeeess 2-36 
2.3.4 MERGE FILES .iiuunn. eee eeeeeceeeneneeececeeuecseesauagenersnereceseusesseeusoeeean ene esee ens 2-44 
2.3.5 RECOMPILE THE COMBINED DESIGN ......... ccc ceceeeeeeeteeaeeeeeeerseeaneenereeens 2-48 
PALASM 4 USER’S MANUAL 


I a a er Ne hela 
May 1992 V 


CHAPTER 3: SCHEMATIC-BASED MACH DESIGN DEMONSTRATION 


3.1 


3.2 


3.3 


3.4 
3.5 


DESIGN EXAMPLE 


3.1.1 
3.1.2 WORD COUNTER 
CONFIRM THE SETUP...............c:cceseeeceeeee 


3.2.1. RETRIEVE THE DESIGN. 
3.2.2 VERIFY SETUP.......% 
VIEW DESIGN FILE 
3.3.1 OV cece cce ects lags tac ee eset aeeeic cd onde teats eee 


SECTION Il: DESIGNER’S GUIDE 


vi 


CHAPTER 4: ENTRY 


4.1 
4.2 


4.3 


OWE RV TEV ice cused dnvsterectonalcudonse euebeaniens aces essa venatenae checiuatantbee aaeecyaraspancoudecsuarelewineoaiaas 4-2 
De SU, OY seat acon seat pactdscuewe dist nticetostees oasis stat ene caunssanc nests ondastcamtane eas seuauesddeesscenaatianenness 4-3 
4.2.1 TERT ENTRY: wcccisimasetinaaaaas aciade aban taeussasaseeeuceudamniceneieuauamuescouaatanaren: 4-4 
A222. “SCHEMATIC CIDR ¥  wecsiestercotuteocistnssenascadvecantantsCeaswisapitrenteanvelSemundesusenuiceaane 4-4 
4.2.3 COMBINED ENTRY METHODS 0... cccccccccecseeseececeessecceeeeesceseneeenseeeees 4—6 
BOOLEAN DESIGN SIRAIEGIES wcttcciaiercdecivcis aden earvasininndeke pavlnse iene 4-7 
4.3.1 OU FPO POLAR IT Vino carsascseavaleuetennttavsasuewacevadstrenttadeoaincat capes uuseecbacathe eevenmecute 4-7 
4.3.1.1 The Two Components of Polarity .............ccccccccesceeescenseeeeneeceesceeeses 4-7 
4.3.1.2 Controlling Polarity from the Equation ..........ccccccscsesssssesesssssseseseees 4-8 
4.3.1.3 Controlling Polarity from the Pin or Node Statement..................6 4-9 
4.3.1.4 Greating EQuUIValeNnt LOGIC 26 a iaisicsasceteanctiguenseeaaniasaeanaeees 4-10 
4.3.2 CONTROLLING OUTPUT BUFFERS USING .TRST uu... eeccececeeeeneeeeeees 4-11 
4.3.2.1 Bank OUtQUr EM aD le eccaseae ose tesant cavers ilweroan aesacdvnieunesacaceaeenncndaneedt 4-11 
4.3.2.2 INGIVidUalPOUIDULENaDIG: cscs oes cohorosed nice hcohaivecdutebentagaites 4-12 . 
4.3.2.3 GYOUP EG OULD UUE MaDe gi siaesds vores veeencetecmiaesatateseececnntaxvianceons ene 4-14 
4.3.3 CONTROLLING CLOCKS WITH .CLKF .............cccccccccessssssscececeeeneseesseceeeennens 4-16 
4.3.4 CONTROLLING SET/RESET USING .SETF AND .RSTF............ccccccsseeseeeees 4-17 
4.3.4.1 Banking Set and Reset in MACH DeVIC6S...............ccccccesseseeseeeeees 4-17 
PALASM 4 USER’S MANUAL 


May 1992 


43:5. USING HIGH-LEVEL:CONSTRUCIS wicccciectiewedeedkcccitietetdateetevceelordaaiics 4-18 

4.3.5.1 VECIOl NOLAN OM cecaxicscscesspesssasescusel aca orssasdese sas atte gaaniueeaan 4-18 

4.3.5.2 Pad ik NOLAtON eer csxeacsasstacyinusuesteetociatearioemeaiseoeieuaieseeneeeaeees 4-20 

4.3.5.3 IF-THEN-ELSE Statement ieisivesevssdeatesndactavestesindesavtatatecdeacceialsterin 4-21 

4.3.5.4 CASE StAlO Meh secepcecisiarneseencehocceltiveln desi seuscesseaeceaawnalesee tia 4-22 

4.3.6 CONTROLLING LOGIC REDUCTION ........ o.oo ecccccccccccccccesceceeeusnsesseeseeseeees 4-25 

4.4 STATE-MACHINE DESIGN STRATEGIES ......... cc ecessssensccssseeeeeeesaeenseeaeenseeceaeaeeneaes 4-26 

4.4.1 STATE SEGMENT OVER VIEW siisc sd ceca stslecietses neseehcdencesceedineneeavensbeokigine): 4-28 

4.4.22 DEFINING MOORE AND MEALY MACHINES... ccccecssstsssseessseseeseeees 4-29 

4.4.3 CREATING STATE-MACHINE EQUATIONG.................ccccceccececeeceenenseneeeesees 4-30 

4.4.3.1 COMGILIOM EQUAIONS..25 55s co5ci2 hos. ce lia cesses iosasaecdacetanceaceececeesuatoase. 4-31 

4.4.3.2 TFANSINOR- EQUALONS xacecetesoestctetestanintatetiuadievevedusrewstetyenstantioeetanses 4-31 

4.4.3.3 OUIDUTPEGQUANORS 2sonti cet ehshearateasitt ecrervaduedeornaeddidan uotanaawonaitentes 4-32 

4.4.3.4 State-Machine Example............ccccccsecccssseccecceeececsseecessseeseeeeecseaees 4-32 

AAG (DEBAULT BRANCHES sectiysis ees ctees vec castieiioestieesameccsawscnsdaases eave senesnodaddecs 4-34 

4.4.4.1 lO Dal DOTA S iis aiais eps ened evaceduaus decaven se sie oe sdace cate tee senesecne ieeeeenmeurs 4-35 

4.4.4.2 POCalDElAUNS v2. scared. dass cd asandustetaaviahs shah dettenaacadeaneeoeaete' ren 4-35 

4.4.4.3 Example With Default Branches. ..................cccsesseeceeensecceeseeseeenenees 4-36 

AAS -ASSIGNING STATE BITS cncnsctctuectteiiedateDiesacsetseemneeadua rece 4-38 

4.4.5.1 Automatic State-Bit ASSIQGNMENE ........ ccc cceeceseeeeceeteeecececeneeeeeeneees 4-38 

4.4.5.2 Manual State-Bit Assignment .................ccccccosessessesereccestenccenseeneens 4-39 

4.4.5.3 Choosing State-Bit Assignments ..............ccccccecseeeeeeeeeeees Be iecueets 4-39 

4.4.5.4 Example Using Manual State-Bit Assignment .............:cseceseeseeeee 4-41 

AAG <USINGSTATE BITS AS OUTPUTS wesicivecveciccccoateciapeeteintactuisivancseeeieiarsaes 4-42 

4.4.7 INITIALIZING A STATE MACHINE ...............ccccccccessseeceeeececeeceeeeeereeseeaueaeeetees 4-43 

AAS “CLOCKINGA, STATE MACHINE wiicce caixiirciccteaisi tic deanteiertoemecdaceensalnieenmes 4-44 
4.4.8.1 Example Using State Bits as Outputs, Power-Up and Clock 

GUA OMS i casaatnes eeearsaccset eae baaaeacwoltan te casetewnececodsvencexmenmnereendeae 4-45 

4.5 SCHEMATIC VERSUS TEXT ENTRY sccssieceicacicececciiscoccleeceleciacasiesa ne seeGeecanteomaveintans 4-47 

4.5.1 PIBRARY ANALY SIS ace ciceist ott sticcuesoseesnena canter ashh eto tateteatcnddanecannte 4-48 

4.5.2 SCHEMATIC PARAMETERSG.............:eeeeeeeees Sc akek fee tiashcante etaetieci tae aacnecaee 4-49 

4.5.2.1 Pixie Pim OCAtOmns san iiid acsiencieteceeceasstes oceusiasdaasas teeeraetoaveinenctensee: 4-50 

4.5.2.2 Fixing Node Locations .......ccsseseseessessscssnsessensessseneneensaenenseaenees 4-51 

4.5.2.3 ASSIGNING LOGIC 10a BIO CK sancti stab eodstiaveniocuasnnsnonteacesune esi byeneennent 4-53 

4.5.2.4 Controlling MinimiZation ...........ccccccceceeeeeessesnsnennneeeeeeeeersesesenensanaes 4-54 

4.5.2.5 Controlling Set/ReSet..............cccccecssesssssssesnsssneneaessoenenssonsasensanens 4-56 

4.5.2.6 Deleting UnUSed LOGIC... cceceeeeeeeensstrteeeeeeeeeeeeesnsesesessanaeetees 4-59 


PALASM 4 USER’S MANUAL 
eR 
May 1992 vil 


A53° ‘DESIGN DOCUMENTATION 6 ciicistimanciicosannavematetienlteniiekiataes: 4-60 
4.5.4 CONVERSION, EXISTING SCHEMATICS TO MACH-DEVICE 
DEE SIGINS 3 ac caszesemssecet sense evan scinndoniceceacs Sasiy Susldvicwatendsok aanuwaetanateneeaiens 4-62 
4.6. COMBINING SCHEMATIC AND TEXT DESCRIPTIONS uuu... ccc cc ccccccccescseeceeceseeeeseseees 4-64 
4.7 MERGING MUL TIPEE PDS: FILES ew ciesentcigatihesteuatedeoaiattorincastendvedts ton dateaauesucin ee ceactete: 4-66 
4.7.1 INP WUT RILES scsissancioronscsvasseayyauuanance cnet pentien ss enossalsciagaseaseouss aieudadoaneewessvastanasaacee 4-66 
AT-2° ‘DESIGN EVALUATION csscczcsccciceneleivacsocaanie sew seaeteuguenaiceeladeoudia Waa thuensectescsoanveans 4-67 
4.7.2.1 COMP AOU. asases cceceawstnteaternari sewn preecdiediecseweasGamunsiaese Cees sstuceaecs: 4-67 
4.7.2.2 Inputs, Clock Signals, and Set/Reset Control...............cccssssceeeeees 4-69 
Bald ASUIDELINES se ctcdswtct esc ictscca dada tea aclociatiw teats aa uedeiee Gaaec eso meena ets 4-69 
4.7.3.1 BG le cei Soest tera eee tenta er oan aici Soe eultteamanieenedes 4-70 
4.7.3.2 FIGIIGVG: POS dics ciaciaiccanecteseaeseie GG teaancsa ae uapaiseasechcnntonsaneteeteneas 4-72 
4.7.3.3 ERE SOIV OL COM CLS oa cacetschicesn uct aivarcbuacasnains oxtreaawoadiaeuastsdaessentencandautes 4-74 
4.7.3.4 WEIGG FOS saute seiaiseeaustseuca nia eviandstenrovnctunarnn canis ences 4-81 
4.7.3.5 Re-engineer the Combined DeSIgN .............ecceceeeseeeeseseseeseesenenees 4-84 
CHAPTER 5: COMPILATION / FITTING 
5.1 OV ER VIEW ciasotieci oes iran naneeced te telatiorteael slash tari tads anced case aetna en anon eens eceecaiees 5-2 
5.2. SVE LING I PROCESS esos tsi enopeince An ovscadsanancctectonaieetacnucecovsssska tae eateeisheemnenaadoiions 5-3 
5.2.1 PINT TIAL IZATION sug seiiilisecceirend suits asin ca staast evsaade yack ges cass poavous eedeacacenasmmoaseasiess 5-3 
5.2.2 BLOCK PARTITIONING.................cccceccceeeeeeees Ssiaseieh telnet ation eee, 5-3 
52:3 ~+RESOURCE ASSIGNMENT 2itccec ic datinieti iit 5—4 
5.3 DESIGNING TOPE case sectinnseqencates sasvnconcuvcenan vs teeanaescebanasaaciens usacsessuet annseronautuciacesosesastenes 5-5 
5.3.1 METHOD OWOG Y ois cess sosaccay tuceespnuaaveucangvars urea i citne sn aaipeasaceuosaah ease aacaens 5—6 
5.3.2 ANALYZE DEVICE RESOURCEG.......... sisdachlgaiinblsl cas papsitne wostadndauneeditaetacnsienaeos 5-7 
5.3.2.1 CIOCK SIG ANS oichcs osee se cncecsescdeduecadacs iets eta ves Sosee sauna eens 5-8 
5.3.2.2 SOUROSEL SIM AIS sai reaicvnsaaecesdutecGionsnaycassndeasediccemsceetiedsaeaacceueees 5—8 
5.3.2.3 MAGIOCEIIS GINO FINS i... ccssac2scocvgulcanagencgcnavacstossoacscuneuspeaemanenonteces 5-9 
5.3.2.4 PYOGUGH TGS sacecccceaestsacotacces tae ttaeatest cee ctesdcescaneeeeie ee ears aeenraes 5-9 
5.3.2.5 INTEFCONNECHION: ROSOUICOS fice tacat cassie erences tac ees 5-10 
5.3.3 ASSIGNING PIN AND NODE LOCATIONS ...........cccccccssseeeececeeceeteeeeeeeeeeanees 5-11 
5.3.3.1 LalGe LOGIC: RUNCHONS -ncveinsco aia ecseaeeatesenele ates eae 5-13 
5.3.3:2 Large Functions at the End of a BIOCK.....e eee ec ee sees eeeeeeeees 5-14 
5:3:3.3 Adiacent: Macrocell USE iseccthavyenensnrdsusnianteasuearaeieeigen a eetidanes 5-14 
Boe “GROUPINGHEOG NG ia orton Sentra shen hertteoereneset tues eases id ieaen ie seneeaasaaale 5-15 
PALASM 4 USER’S MANUAL 
vill 


May 1992 


5.3.5 SETTING COMPILATION AND FITTING OPTIONS uuu. eesteeeeeeeeeeeee 5-16 
| 5.3.5.1 CBAC SONG asain hist at cen sln pecedeceesaskoboceavhanecdccscalneteaadosountess 5-16 
5.3.5.2 Maximize Packing of Logic BIOCKS.............ccccccscccecesseseseseeceseseeseee 5-18 
5.3.5.3 Expand: Small PT SpacinG eceaisissiisssivaiis divs iwesedsivaseeientieraeiiiacheas 5-19 
5.3.5.4 Expand AlliP 1 SoaGinG sarsicies eGov citteice ectocarerburiiaia viaenseretiedeatbens 5-19 
5.4 STRATEGIES, DESIGNS THAT DON’T FIT... cic eeccccscsceccesceesceseessusseesseesesseeers 5-21 
| 5.4.1 MACH REPORT sscacsssariitiseey sroduabecchbialaamensenie auneonaaua asta 5-21 
5.4.1.1 Pla S USSG iiscs canayeasseeiaitenvaeiiencretasshaaesudeea ieee aelasenaataeaseetenienen 5-22 
5.4.1.2 PAN ANANSI Side st sect uaeh taco certo ccc ciadeatiean ecu teas twtleoueamannesaeuasnancuseruoaunaiios 5-23 
5.4.1.3 Pre-Placement & Equation Usage Checks ..........cccccceseseeseeeeeeeeees 5-23 
5.4.1.4 Timing ‘Analysis tor Signals j.2:0053.5.0in Sag diecast 5-23 
5.4.1.5 DEVICE-TRESOUTCE CHECKS ‘055. disGiecaawteorersuclicudsaieeavencsosueebewtcaieties 5-24 
5.4.1.6 BIOGK 2 ATE OMING seco neice okt ubicabacaninoanetad eaten eicynnatabexiseradoaecm din 5-25 
5.4.1.7 JUN ZAUOM exiiatesnashatebshladeniis wbacevaneacsasenvaebisuauandduntan uaa camitenes: 5-27 
5.4.1.8 PSSIOMING: RESOUICOS 524 os toe nseecoscajctess toiesaceateadeaesiedh codecs aos 5-28 
5.4.1.9 Signals. PADUlat ssaaseecsc del ceaiaeick ene net ctandalctnded Meenas 5-29 
S440 <SiGMals: GQUAlONS vicars as eecstaaacdgeeteentertarecsoneeenmaies 5-30 
SAY OCOD ACK IAD sons ae sc eh he enced hegeeettoeeneadiens 5-32 
SAS UT 2, OCICS WA aan cae sphchcscdoconcsart eis pes eniesw sence atom encase: 5-33 
Ses a (Cea 1210 | © ea ey A Re a een 5-34 
S4AAT4. (CONnMECHOM Status iscsi sc ore Raccoon octceacaeed tite eresiataseinions 5-35 
5.4.1.15 Output Files, Errors and WarningS ...........ccccecscsseeseeceeseeeeeeeeaeeeeeees 5-35 
5.4.2 INTERPRETING ERROR MESSAGE Swiss scccccccccscccssecccdecescvevecsseeseneocesvessaertens 5-36 
5.4.2.1 Marginal Block Partitioning Measure, Warning F120..............0. 5-37 
5.4.2.2 Partitioning Could Not Place All Signals into Blocks, Error 
FSO acetates sardine arash nda emaet epee 5-39 
5.4.2.3 Product Term: Distribution AE rror6}0 2 .cancawesentiinncantwn ees 5-41 
5.4.2.4 Not All Input Signals Were Connected, Error F600 ...............ccee 5-47 
5.4.2.5 Connection Problem (Wiring Congested), Error F590................. 5-51 
5.4.2.6 Mapping Difficulty — No Feasible Solution, Error F620... 5-54 
5.4.2.7 Procedures For Reducing Logic Complexity ............cccccccceeeeeeeees 5-55 
5.4.3 USING DIFFERENT FITTING OPTIONS ............. ce ceeeseeeeeceeeeeeeeeeeeeeneeenaenenes 5-56 
5.4.4 CHOOSING ALARGER MACH DEVICE ...........cecccccseeeeseseeteeeeseeeeeeeeenaaanana ens 5-57 
5.5 CHANGES AFTER SUCCESSFUL FITTING rises cevveczcea nice ceen tenes eles caunevecceneceanteatetenaee 5-58 
5.5.1 CHANGING THE PIN OUT iccaiiesiieashvcaritrevin Geshe i rtateeeeeateneneaee eas 5-58 
552. ‘CHANGING LOGIC iene Xcaciarentes iiavennietciacs sl eee nant een ase 5-59 
PALASM 4 USER'S MANUAL 


ee 
May 1992 ix 


CHAPTER 6: SIMULATION 


6.1 ONE WE Wiss otisesictcvasvtataunetacustssactlesencnsceecneasenceatar aichenesasncnsnaapesesacae neta ncs ene ee eateeters 6-2 
6.2 CHEATING: A:SIMULATION: FILE cicseccnciicssiented ose ee iiewasds ates cist Gkecteiardeaattennens 6-3 
6.2.1 SIMULATION COMMAND SUMMARY ..............ccccseesececcsecccsccssscescessssessescesesees 6-3 

6.2.2 SIMULATION SEGMENT VS. AUXILIARY FILE .u...........cccceesceceescceececeeesceesenens 6-5 

G23- CONSIDERATIONS oacecscstvnstichssinccrtinelecetaisecaclmastiatacweiaesuiwer tena inateean eee 6—7 

BP. BNO re taser ereteeatittoriaht toedicatencmaties 6-8 

6.2.3.2 INTEL MSI INOOES eis cost ceceledaseasicasnedeneancaedtene eee eevee 6-8 

6.2.3.3 IB: | (6 01 Sea ee eS RE rE er ere ee er ee oem ee ee 6-9 

6.2.3.4 Output Enable seccécsihesiutisiccesuci iste sida a enntaa ewe 6-9 

6.2.3.5 PIOIOAUEG: FEOISIONS siwsucisaascucacvaasnaxoutiaerssecetneaeidecetesocubesecnarsacereees 6-9 

6.2.3.6 Ventied: Signal Valdes is: stecti cs decsesstoradellesesisaetessedetasarwtarsesinteveves 6—10 

6.3 VIEWING SIMULATION RESULTS tcccciscssencscaseadcabastssaraaasavenssauesieivedeossaneseniseneanemseae 6-11 
6.3.1 FS FORW, FACE scsvecteseataanaaseces eaneeied ovis sustoan, ced wienccstacnecieuan ec webct tersestavousn es 6-11 
I pes sacscteaisa diac onitetcnesian 3 as da Oa on sadaslcecien aca abe gsc sk dees aan tenes tannee 6-12 

6.4 USING SIMULATION CONSTRUCTS sandicteccesene irae iiiandiceleitaiesniee vee awtianias 6-15 
6.4.1 POR BOOP a csecrca setae ce acces pact Lets ck eat lg oi Sin te ese Sahealis iat ats Ue ceteeanctaanG. 6-15 

G42: “WHILE BOOP ixisesscescilaesedstaivacscces sents aamreadateteumeanets ates adi eecgucereesescn uses 6-15 

4:3: “NePAEN- ELSE ws haccesteuss cossccet acts ie rscseua le adasasyseceeneeiseneeacsaceiauseasaacndetaeeiiens 6-16 

6.5 DESIGN EXAMP Ss sarsacsscuszalieaet te cistywececiandeedagdeestaaaaa acs sneaces ee eaeand Sade ashcent eadeeeneae 6-17 
6.5.1 BOOLEAN EQUATION DESIGN bovcsectcccdevstensetes sed snietastcntsdoaeaeiusvencseebaciueatiaves 6-17 

65.2. -STATE-MACHINE DESIGN :actuciiiiitanautteSei entities iasaiees 6-20 


MACH Design Workbook 


PREFACE 
1 8-BIT BARREL SHIFT REGISTER: 

A DESIGN WITH NUMEROUS INTERCONNECT ES uu... cecesssstteesessssececsssseeseessseceeesenaaes 1-1 
2 TWO 8-BIT COUNTERS WITH A MUX: 

A DESIGN WITH HIGH DEVICE-RESOURCE REQUIREMENTS ..... eee eeeeeseeeeeeees 2-1 
3 UNIVERSAL ASYNCHRONOUS RECEIVER / TRANSMITTER: 

A DESIGN WITH SIGNAL GROUPING REQUIREMENTS. ......... eee eseceseceseeeeseeneneeeeees 3-1 
INDEX I-1 


PALASM 4 USER’S MANUAL 
May 1992 


VOLUME 2.- Reference Guide 


SECTION Ill: LIBRARY REFERENCE 


CHAPTER 7: INTRODUCTION 


7.1 MACH LIBRARY OVERVIEW.....cccsscssecsesssessscsecssccssessecsecsessssssessusssssessessessuessecsssstssesssees 7-2 
TAA “BUPRER MACAOS ceeceicrekevccdastaveciesanctie nance naterieeiers 72 
7.1.2 COMBINATORIAL MACROS ..cccccccsccssccsscssccssessscssessesesessssssessusssessssssessucesecsecen 7-4 
7.1.3  SINGLE-PIN MACROS....cccsccssccsccsesssccscssscssecsecssssscssessessssscssesssesecsessseseeseeseen 7-4 
7.1.4 STORAGE MACROS unecccccccsccssccsscssessscssecssecsecsrecsecsseen Yo ee 76 
7.1.5 TTL-EQUIVALENT MACROS aed . > 7-8 
7.2 LIBRARY CONSIDERATIONS ....ecesecsseeseeoes ‘ | 
7.2.1 DESIGN EXAMPLES... .... 
7.2.2 NT Ra  Seernrien ree eel een ni aa a neon Mea tare EN ere 
POG. WAINIMEZATION vss cecesszsssessescustav.todsavsentctavcartecases nesastespttenntueie ditt atoees Gio 
7.2.4 
TOS. “SIGNAWUINAME Soccer ce aan ch eecestheietdediemneaees: 


7.3 ANNOTATED DAVASHEE © wageascrcsasieceiseutewicinactecsaGuesitieciatasereatead sen meataemieee 


CHAPTER 8: MACRO AND SCHEMATIC DATASHEETS 


QUICK REFERENCE 
DATASHEETS 


fh ae 
r aS ee 
cf 
saltie gi 
ge #3 
er, 
gy a oh SARS 
ea ue, # cs 
pte i aa re 
¥ ee Pd 
Ses 


SECTION IV: SOFTWARE REFERENCE 


CHAPTER 9: MENUS AND COMMANDS 


9.1 OVER | BWV esckace stew teers bise pas teaccews eeu cavenadab 250s soi earaecata aahineaed cecaatnavennwoualebieuatemaneaiens <eecamecetenee. 9-2 
9.1.1 PEATLURES situs iene meet Ait oct nego dasted cau baeaavesenebutateasaerecsisaieyaswetueunieees 9-3 

GAD “CONVENTIONS sicscssveveeccetedeeteccotewtadtendens sb tiect aes cou naa teva tanedwaceeedonstaveenvuceeuaatas 9-5 

9.2 COMMANDS AND OPTIONS ..........cccssssssssscesssosccenceercceererscossersesrsseseseatesnseestsssenenenseossoes 9-7 
9.2.1 PILE MENU salseso esc iesrtiadccccs laneope sania tans taseccgvstendsisa suis basaveouasuseabddousaeae eaeeteres 9-8 

9.2.1.1 Begin New DeSIgh ...........csesssssssessesseeesseessnecseeserseeeseesesenersneeseneeens 9-8 

9.2.1.2 Retrieve an Existing DeSigh...........:ccccsssssessssssssscereceeteeserenesssseees 9-15 

PALASM 4 USER’S MANUAL 


ee Ea TE 
May 1992 x! 


9.2.1.3 MEIGE OSSION FIGS sctazscccsassasuvenedundstinieavssnaussacn ci acre nnatiseoesunes 9-16 


9.2.1.4 Change DireClory sccieitiveresncowaciens ch taste wednestvhcaeieaatn Gideon: 9-32 

9.2.1.5 Delete Specie Fils sieticsce cites idedennus cx szaidecnctensiawseuadatestessectareancvenes 9-33 

9.2.1.6 OE isso atavin ersanestscecavadunpacues yuatebucuiseentacducduawaiae amen ecuiteae eee 9-34 

9.2.1.7 Go-To: SVSten hak iraisrtsdewis eaten ata ee 9-48 

— 9.2.1.8 CHIE ra sden dee caetrat cela ils ealciocteomas ue ose sseaesusievatneus ces tascoscuwasamnageecne veudedeaes 9-48 

2 eam ce) 1 | 1 rate Tome reo a nee Te SE neg eee See ey ee eee ere 9-49 
9.2.2.1 TOXT- FIGs c.2hiacacivesanpecanissane seeaswreenns case dussakeuntnaanacuetadeanieusaagieanians 9-49 

9.2.2.2 SC MOM AUIS TFG). c i dintenay tacstagenteaisecedovnatbevaunees telat ce uvecvsesseadeasautenestnes 9-50 

9.2.2.3 Control File for Schematic D@SIQN .............ccccccseecesseeseececeeanessenesees 9-50 

9.2.2.4 Auxillary SIMmuUlatlon File cies ectesscacscteseaseuehticcncuasievadcicne irc taagees 9-51 

9.2.2.5 OUTSR FN Oatesecctecinagteceavesncastuancpatieroeesaceawuetteacanienadaatinn vedaoendet nen 9~51 

O23 “FROIN UMEN ote wiciasias Gore sucusa ston tadonavicawenncawevereestanin seuss padetinsacteveserasetassatassnaleds 9-52 
9.2.3.1 COMM I acaucor ante catvacuite stam cuesscsustnibat aevescanneneuuss iuueaterensduaasunneee. 9-53 

9.2.3.2 SIDE ALO its. cciaceuseull encase anmensdetaiestatarceucesaioetaNeceiiedeauretivncousnicnaseantencenen 9-54 

9.2.3.3 POEs acti edeadaetecs ton tsce uate seras ene selene aromas Ona eddie chyna 9-55 

9.2.3.4 OMSL COGANONS asics ic ceroveustid sautanateatssasevasecdceesdieiacenaretentaaces 9-55 

ee NEV IV NN ses cere dea scaceatta ya sdets ee va duraac atu zal ee ecahoaiauad cb uiedatcenzonaceautassates 9-60 
9.2.4.1 Execution, LOG: Fil@vsamicceiieecSecvnende eeeledsedivoesedivivaccueseeneenneees 9-61 

9.2.4.2 DO SIG IF NG wrersnsea teens tv searceatecer teases eectsesctech ore sauna ousst steno: 9-61 

9.2.4.3 PSO ONS ssa dececa deuce eonseane case tsctiainahdetdoea Casaedecaauanat Sap sbeeealeanvnseiancdons 9-62 

9.2.4.4 EIDE CO Date iz staves ecaadetne lianas fant docakescaede son deeseqsstunsshanweeeuets 9-63 

9.2.4.5 SIMMUIANON D ata sicchenccnaicsetiseterteas eijutewaubanvath dene cee Gaderaneenedses 9-64 

9.2.4.6 WV AV CIOL: DISOIAY <qanevsewsiecdeinelnduasvia eat stereatoshiatonudicasepacvemoaeiaauts 9-65 

9.2.4.7 Current Disassemble File viscssccavaisvecscccoaleseiveceates sobtsostasweuc metas 9-66 

9.2.4.8 PANO cases csscueevtadncseen cee anneeh sen adecadeesevesiasin at couuseneaectacasmnseandsantaneaeaes 9-67 

9.2.4.9 MIOUIST PRODOM iiicscaccesveaseawabnarceeveusseuabnssseduneducdunagneeccunensvasuntateneniaas 9-67 

OZANO.. iOUNOUE I Gt saiescradisrcnstinctesesacasstiosatuucvenadensuotante tensteawarversompereeeeaes 9-68 

92:5 (“DOWNEOAD: WEN Ux cicsasceccecsischtatihacsaseiesiadovesstesnedeeantinsctcnnisoteaneseumnerseediastorts 9-68 
926° DOCUMENTATION MENU cicciteciiccsscctuccssthepsaicenttditnswkuciceccelnselts 9-69 
9.2.6.1 ING OX Cl TODICS a sasvcs can cveed cuss mestvspens ie teca cians cn laeacedoesemnat eens: 9-69 

9.2.6.2 Language: Releence vec.iiiieiiuedachetieiecinlcan Ge Gundehinemudittiowehseexe 9~70 

9.2.6.3 FIO 1S OE OS saeco ot esterase st se nec tsea anv lgtentenathcet sade sualoesetvecs 9-71 

O20" MPV ROR TIBUP acs: iiss sntectateustincl a titvesua a cpelselsseisine ts givsunseaoinesenuvauavaesoeeaeseeneete 9-72 


CHAPTER 10: LANGUAGE REFERENCE 


OVERVIEW ...cceeesccsssssetssssseesssstesssssesssseessssntesssseessssvees cee enepeeeee cae, eee 10-2 
BOOLEAN-EQUATION ELEMENTS .ov.sssscssssssessssesssssesesssescsssseesssessssssesesneesseesensseessan 10-4 
SPATE MACHINE CONSTRUCTS vicessssrstastucsinteests crest actinessousiteebesdateiabatiaecteabvatintas 10-5 

PALASM 4 USER’S MANUAL 


XII May 1992 


SPECIFYING OUTPUTS IN IF-THEN-ELSE AND CASE STATEMENTS ............. eee 10-6 


SYNTAX AND EXAMPLES. ....cccscccssssecssescscsecssessecsscssscsecsucssessessecsussucssscsecaucseccsesaeenseess 10-12 
ASSIGNMENT OPERATOR ..secsesssccsscsccssccescsucsscssessucsecsssssecsssssscsecsucsessaessucsecssesascsscsussuesaessscaees 10-14 
PIT a cteces escctacesacnhcs scene ates nsbn eon aise cesses eet tated eee 10-18 
BOOLEAN EQUATION eric Sccesddiecl sie contsesi thee cete ioaets nodal canal Nee de eniaaas 10-20 
27-2 ae ee nT mR Te eee rete rene cere en eee Ott mane ce en Tne TA 10-24 
ole |=) 6) eee eT nee ae TER Tee ee nn ne ee eee eee rnc nS 10-30 
ncaa case descesee ceases ete cts eal atte tax ented teens la eneteeaeios ae 10-34 
Secateurs chee cen acct metas s ed ecetce edness cacao sane abas chev ses ecseeses 10-38 
0 'd <ReRRoe Re ee ne eee ee creer Tied ew ede eee eT EE ee rence ree eee Dene Rea eee nea rea Pea et tee 10-40 
Laces tcc czasec cease cas eapedenee ce useesec tad ctdsiesenaenesstescas ecient use aati eenanone eee 10-44 
e1h ole): Seer a ne meee ene ear erent oe See nee eT eee eT ne ee Sener 10-46 
ON se tenes eases tec ccna eters ee geet eens 10-48 
GOMBINA TOR IA evsaccccsieissto iste eat St Oe dive ae teeta itt ih A eas 10-50 
AIA I sess cecnsctt crise tarencceses ce lesa co ate cetera cesta tes cece ned eel eeateetie 10-52 
OND sce aescctenes essex caressa codec cts sane cnet eee ete 10-54 
GOIN DITIONS secs sete aes te eset ade ide cee te Geeta cg caer i ea ctor 10-56 
BY We Enero ene tear OORT enE ep eis canene ene nT nT Sree” me Ten aT Wee ne 10-60 
DECLARATION SEGMENT ...ccccccscsccssecsccsccscssccsscsecsucsscsucsuscsessessssssstssessecsssssecsecsesatesacseceneener 10-62 
BO ete IN ert nece.c 2st seers oleccs cae, etervescer car eseco sete senemrne eae tee ote aes 10-66 
B) et 27 -\ |B Ake 10 4 oS) Geen ee mn OR TO nace Tn Ae vee en Sele 10-70 
EQUATIONS SEGMENT secu oscesicecscls es cec hee dc eccsesacacoactteacasusetsusiteaddoassonssunetsee deuasseleses deviate! 10-72 
EXPRESSIONS csssictasiectucv.cainsd nelson satiate eaneieaeaeeon Ego eiieceieetseutacuenieae 10-74 
FLOATING PINS AND NODES... .cccccccsccsccsecssecseccscssecocsscesucsesccecsacssecsucsucsecececsessevsneesssnnesatsveeseen 10-78 
10] 2 2] 0G (02 Sane v ene arte ae nnn ae ore ON Rene een eee et ernie ee 10-82 
BUNG TONALEQUAT IONS evessecsxinsevceseitvsitstveis occ esescactstsatina ieieeeaaea mia niesaiclemandes 10-86 
CRD eceencce ces etc nctsesse ves cbse tego ec eases oa ca cea teeter as be ees eects 10-90 
CA IR aca seca etceseeadeaeect ecto tiace css ltt ne eee 10-92 
IF THEN FELSE EQUA TIONS iccssocserecoceeect aan aniountemiendeondale ntotntadinananant 10-96 
IFS THEN-EUSE SIMULATION -scéssiccstsccesscoscxsccossessedceuevbsbaversecuanssausetdehdencguasiovilladavactosivseeasi 10-100 
FC =0\1) dC] eee en ene eet eee rn Cee eee wn meer rer een ene re 10-102 
HATO axe hs etter arsed ea tena See stg hoes eee eee 10-104 
PTE oct cceectva ducieesstasutees ictus eacassOnsencco nant eeteaediin net neato Rsatsineei 10-106 
(67-1 (ca Ge eee ee ri et er nn ene Ie NTOT ee Oa TE 10-108 
RACES E Reet eres etetclns teenie lene ceca et decerinmite eee 10-110 
PAST SI cc oeecrncietcieaeateaatecartcd lancet a cpeee titer cttaateeeale ee een 10-114 
IA ALIA AINE ers ce tcacees nsdn tl erect a seedy cerastep se eenneasaetn Bein sieecaaeaeeoen 10-116 
NTA P4= © a ae ere tee en me ere ere Ce ne eer en nrree re rer 10-118 
MOORE_MACHINE.........e..ee a hs serps cite a Pe coc tne acme PE moet eae 10-120 
PALASM 4 USER'S MANUAL 


XE 


May 1992 


XIV 


OP OP cuca ich leaes tet ah ote thet cee ga Sten Satter taco fetta tesa 10-126 
ol eee eae eee ne tet ne ETN ere Serene nt tmreer oven Tere ent nT er eee RP aT 10-128 
OUTPUT ENABLE sicccccccecssscsesssseassssvencveeadeus20ubeduciasaduseda¥edelendlassdalebavicaydedesayatdadenaondeacinacdbea 10-132 
OUTPUT HOLD sic exesscts sccaeccavcttesdpiatesdia isis tees ee dia ren castsnssoeeelsdectlinrcs. 10-134 
2) 2 ae eee eee ae Ne eS ee ce eee ee eee ETT RUT ee enn te 10-136 
BATMAN stetect cect te Seeds ceesev Perec beatae atetdezecha tetova es seca Needs cena te cena 10-140 
BUN ete aetna eather cechee ce a setae, tect canteens 10-142 
PRU AD ese catanete aa ctie aie teesincia dasiutececsietctaccecseiod snaetess ceca eae eee easiest aaa 10-146 
BR ie ee races eet chet celctesstan ett ao en cae sieves ees eran 10-148 
Be HD ced ea ceceg eetccceesa ese stata tees ces cee eee ea ee 10-150 
TE OIA ON fxs steee-tectcst chante sels coctstsatie teu taalcsetcecuediios comnsscanueadiss aunednessass lsiwasbndiesadsnaieneien 10-152 
PEG IS TERE Dice idcscinsstononstetepsesekaucsadenseseneuioesehsalnae esasisa adie iistan da ean ea 10-154 
BESOIN sess deere eccentric cet aiseaetemnsento: 10-156 
FR eshte cinerea eee seadeease a eee teense easter ecss als ce Sessa te icant antes 10-158 
FO =L 10) 1h ©) \ Gore mt eee ome ner a een EC ere ee en Oe 10-160 
Ie acerca eases acne coca caver ctor tance cea cca cndl cece eee 10-162 
Si ce nee nee eee Te ee ere vee eT ee ee 10-164 
SIGN TRE ies arcaciersdpnetestctiesds eendee eve eacs eaeandeiat total eect aceehe taee ahe eelache 10-166 
S INA UA T ON esscsssecscessuexi cuas:siceeoe cencucrearssscastnctevestiierctastl hecuatestevanclbslecl onthe Matue eee ake 10-170 
set sces peers heresies eects hese ott cnc te gen acess tvatetesdecb neta ge sAcastancsdencucteemn castes 10-172 
Se ec de seen etcetera cbse ist enn ect aces oases secede ed ee 10-176 
STATE ASSIGNMENT EQUATION .....ccccsssecssesssecsessesssessscsuessscssscsscssessscsscsusssscauessecsucsseesucezees 10-180 
SATE EU ATION Sect ec cee seo tacesce reset sabe ited esces ees oteetd acces tet coed decnconetet tenes odes Dect aces 10-184 
GTA TE Ol TRU T EQUATION ees sescessetar cscs visesscyteseetiveduensasdavodesh duncan oatanstetdetsaisiiiey scevsadeaved: 10-188 
STATE TRANSITION EQUATION ......cccccssccsssessesssessesssscsesscussscssussesssessecssessessasssasssesssesassaseesess 10-192 
BRU cece sea een dacs sorc eves ena eck se asta gto sesencu she Bi pened eectoenmtentemtae bees 10-194 
Te accesses cscs cscs cease eaear snes esas cle ese oes ewes ele 10-198 
DE CUIATION osc cce chs ceesteexspcsccs cig e Sein otivnss dead los deevaeeasidetescl ppc ilasen sin adenseaatevenm tte 10-202 
BAM IOI tise cnces terse ccrcenesestca uth ccterns esau cutees ichectiaen deeccvaytesstoetesstaaceanista ne eensts acest 10-204 
= O10) 4 (0) \ See nee Cte een eee ene tern ee Tee 10-206 
TI sees steo egeaecdekase tect toes en eee 10-208 
SIG SO carcasses acetone eal eset aasteda gs eee 10-210 
IN ON cee shred cece cecey areas ess seca cic cieateeemeees e 10-212 
OS Tassie estes eases teases a cst ots eee ions toss eden esd satan see 10-214 
1/6 cate ae en ee eee eR eT mT rene TOT eT een ann Seen eee eee ee 10-218 
{CH (3) = Ne eee nee nee A eC ee ee ree 10-220 
MI US es sand aaa cts te center ec 10-222 
PALASM 4 USER’S MANUAL 


May 1992 


CHAPTER 11: DEVICE PROGRAMMING REFERENCE 


11.1 PEDUINTFRODUG TION ios acata toss sccncscthashiestatnattecdunosarseeasthietassocueddatesoeoencdsedessrenate teastes 11-2 
11.1.1 PLD NAMING CONVENTIONS uuu... ccscssssscsssssesssscessecesssnssensesasesssesecessnssees 11-2 
11.1.2 STANDARD PLD DEVICES VERSUS NON-STANDARD PLD 
VS sc assist ceeds wtiee ce ses etna Se aaaatote desea hoi euceaceceasiaGebnds 11-3 
11.2 DEVICE FEATURE CROSS-REFERENCE visiccciiscicevcessacstenscessueccet vocsuscagsaccnesceaereasvouds 11-4 
11.3 GENERAL PED LANGUAGE SYN TAK saiaiaiccerendes aie ndeiraawesncsestacaaeee aaa omnes 11-6 
Wise SOUTPUT-ENABLE CON TROL wicccrcsiicsinaescceditaascnatetaoedid aren stee heise oetea ees 11-7 
11.3.1.1 Common External Output-Enable Pino... eescceceececeesseseeees 11-7 
11.3.1.2 Individual Product Term Control .............c:cccssceccccsssscecnsceesesceeeeenss 11-7 
11.3.1.3. Common External Pin or Individual Product Term Control........... 11-8 
WEBS. (CLOCK CONTRO laathtet soe seeaee Se seeatesscsass setsass tenn cowdarasteedeinc casks we oeneenaione: 11-10 
11.3.2.1. Common External Clock Control .............cceescscsccsssssececeeeeeceees 11-10 
11.3.2.2 Individual Product Term Clock Control ..............cccsssessceeeenesseeeees 11-11 
VSS UPRESET CON TRO eacececesedecsveracscssleacaseactes aus ouicncep es waceseeuee cadsewessneeasceeustenees 11-11 
11.3.3.1 Individual Product Term Control ...............cccccccssseseecceesesseseeceeenes 11-12 
114.3:3:2. Global Product Term: Contol scaveccacicvsseiicesctsdetssececscesbesencandeeds 11-12 
113.4: RESET CONTROL vsdiancstccsensnsvseesiee eacegeaneseets apadesaliastietehiiccte eaaiaek eons 11-13 
11.3.4.1 Individual Product Term Control ..................cccssesceceeceeeeneeneeeeteess 11-13 
11.3.4.2 Global Product Term Control .............ccsesccccccssseececeesseeceeeeanenes 11-14 
Ties DEVICE -POLARUEY & aceceatretentwstveieiesernmalecesaraeciemie cease ecaeecnbet 11-15 
1155), ACUVE=LOW-POlAUNY ce eiccaltorse ce terseay Sesnateedeencies: 11-15 
1135.20 -ACUIVE=TIIGN: POlAIILY <ccccassecarsscavihaccosice decsdesecn dn ehidacantucesseseoecceses 11-16 
11:3:5:3° <PrOGramiMmable POlAINY sec cracusivsdivtaeses iolessensdcosdensvsbnsennsactaateatentees 11-18 
14-3:6 ‘COMBINATORIAL LOGIC « cississceticsvndpeasecccet devnleysanitaisepehasdvereep esata enades 11-19 
11.3.7 REGISTERED OR LATCHED LOGIC viiiscsccncieiedcrinnscacaadecattiacoudeatdexeesectssnes 11-20 
VEO),  SOMENID FIO epeasees ccacettacacescrseulonncts cacawtles deatos since ad encea da tseaeneachas'tne 11-20 
ThiSelce “DER PUD =FIOD secesinicacsusuevasulalctthecicensrhaoesbeaisecsyersteanasusuagonstebacscesets 11-21 
VACS FB ANC acateclaprewnicesuichicobesee elecieasiariia casa neater macnn reas 11-22 
13:8" FREED BACK cictictesecchereSaceteedel cbr edeanchececssco reed sts laauehscas nsea leap dee cthi auesapeeaecanes 11-23 
11.3.8.1 Programmable Feedback ...........ecsesseeeeseseeseeeeees seeetesenenenenneeeens 11-23 
11.3.8.2 Non-Programmable Feedback......... cc escsseecessssnecesesteeeenenesees 11-32 
11:38: -PRELOAD- GON TRG bivvicd fschccenscnsavesinasinessawcestedeestvess awsdianecconececbabuencewess 11-33 
11.3.9.1 SUpervoltage ...... ee esesessesescsesseeeeeeseceseseuseecseesestensausensnseegaess 11-33 
11.3.9.2 Product Term Cont ol.............ssssssssccccsccsscsssesssnccncceessscersesseeennens 11-33 
11.3.10 OBSERVABILITY PRODUCT TERM CONTROL. .............ccceseseseesenttneeeneeeeeees 11-34 
11.3.11 COMPLEMENT ARRAY.............ccsssessensees wg Senate dewauencauec ues tenesiuaceenentnns 11-35 
41.3.12 ELECTRONIC SIGNATURE. ............... cc es ceceseeeeesseeeeceeceneaneenseeereeeeseusaeneeeses 11-36 
11.4 PLD DEVICE SYNTAX DATASHEETS. ...........ccseccesseceseeeeeeceesseseecesccunaneesceseseesneaeenenss 11-38 


PALASM 4 USER’S MANUAL 
eee SO ST 
May 1992 XV 


11.431. -PIN-AND NODE DESCRIPTION S xc ssetisisstaacetianiwde ne lwaaaialie 11-38 
11.4.2 BLOCK AND MACROCELL DIAGRAM(S) .....ccscsssecccssescsssecssssecssssecessseessseees 11-39 
11.4.3 SPECIAL PROGRAMMING FEATURES ....... ice ecececescecsecscecescececesesseseeees 11-39 
MOD gb sbtetotcichcescin en oh sieucwaervadusleacaueseseauaace aed aeecoaeee sap oars n secacw tcc dadecih bist eatia est 11-40 

NGAI VG coc veciscpec ch siau.isnctiva visas eauvasecysaadeagteuesasieeacs eatoue lags tn ssuaaeteren ve estenusiadawas 11-44 

UOT casos ee ars wae gute cot ate ae eee -catea car eawans couse oen ad senses eneeneae 11-48 

NO OUI ses letedehereestlstouatasgsnetetetcuesecasiecs tears acteceaiece een me anne Reema 11-52 

POE GG acas sc evs ahs aaelucs waceew ea guee ote eeas levee aw alervses aes eae: 11-62 

POV S dcctchissiusdearvesosstsatucacanscceanenanusdacesecsseeniaswcound uicauevoaseodeuess awnonnaueaadeuaniaaee: 11-66 

DOP AO a ceccesccectcn aaa 8s cc susin reves aes c eeu cuceucaastdesaaducs veaGveidcecunteanecesuaastiudsaeed 11-70 

ONE Opeovuiscacceagietesadinwunaauoteeinict soup tret oe dctatarecuSnaeteeaacetavies EA aa etealaeteaaes 11-74 

DAN VO aside teres vives ch ses Sara vag ishacuasaaucas avons ctect assailed eed akicea eusediey ace: 11-80 

BO ssa esatiee icici cade cit toca cess eees va eoniless ve edec oa uuaesebastaueaaatin oatetanayedeeueuseubanseanaeceans 11-84 

POW 12 -evantuseuh ies ceccunpuaasana sueeehecstanesacedsananumnessausuueaaeuleateuneauieedansssaevecesouaeuene 11-92 

PONV coscaiossecveewaneeaas\juaaiotadelnaratasuateaunasecbansauenssesacanspsaaedeasniesseacawant sel aeoosineas 11-96 
ZONING sihacaira cada breta eleteteiia us Sasatvulrncocstcesusevcances veveussounavanlosesoe sae leloee oni uaaee 11-104 

OS VO cucsaccsidening coats Sa wae enue orcas eons cece te cosa sais aa even outed eaeamsenuounnas 11-110 

SOV X10 wcdaencseuasace rie hancscasacasugesasvasasusasaisunaraancs ges scaceuucatyauanaanansateveneusbenteaeauoes 11-130 

dO) ad cas caveuiesteieee ue eaeaumcenaastarvuccen toa teneed asada antanat easoeea adenoid iaelinaameeacds 11-142 

11.5 MACH 1 AND MACH 2 SERIES DEVICES ..............ccccsccseseeeesesesessecesessesssscsensnsseenens 11-156 
Va: MOVER VIE WV rsevsiebecncentetaces abernsdesieerst tres Cau tap acend tea tase dssuch daveb neue 11-156 
11.5.1.1. Device Features... lene Midialaenecevemsegiddseniesteossnt outset 11-156 

11.5.1.2 Pin and Node DeSCTIpPtions ..............ccccccccccsecececeeesenseseseseeseeseees 11-157 

11.5.1.3  PALASM Programming Features ...............ccsssesssscencccessseseeseeees 11-157 

11.52 “SAMPLE CQUATIONS escissasbeitessiocsdiwsnieniadsxcotateaennideutsssidsen ee ee 11-168 
VIO24. VO Callan MacroCell x. cccd.cccccttecn cu ticvive Mucsagaipivanccnsautcadenects 11-169 

14:5:2.2-. ‘“Pinvand. Node Fescd back \c.cicctascrcscleieeieiled tec taatin dhe iaiatievenetonss 11-170 

11.5.2.3 Registered and Latched Inputs... eeeeseeeeceeceeneeseeesees 11-171 
MACHO DOVICG esc sceentetaveinnctasecie cd casneisecaeesuanaeouetola avteansiakaee dae oteteues 11-174 

MAGI 120 DGVIGCG cux.anate tens ssrceeussasarraavas lowccunhivandsnenribiaaaanetesaaan oueuued oe VI FO 

MAGH 130 0 VIC ayia ites cuca sachs ticertoanec saacousaieush ausvansenesuavatesmanueeucunaes 11-182 

MAC Hi2 VOD OV IC icon oosecideactrnncsusten sts Gieuvaseusaceesdenesseh da dedsacaslosnoaraeet seeeeeuces 11-186 

MAG 22 OD CVICE acceso 5 odes sehen titslednatsdi nadeeeteumianie coud asuadnar esas eaeotaaae 11-190 

MACH 230: DOVICOS ofa dissa insti tlssaneces dives stesiecetovcisasvoadaaiiesaveisacésesreestuarauens 11-194 

MACH ZAG DGVICO rs ccnciurascatoccs css aca tevavauciieus wderacenssedsecdunelweuy sees sine dodavenedzensiees 11-198 


SECTION V: APPENDICES 


xvi 


PALASM 4 USER'S MANUAL 
May 1992 


APPENDIX A: PLD TEXT EDITOR 


PLD WEA T EDITOR asssieccsa easier ceeds neh aa casunat a eidets merase ute beta hacaseemiestaaiecncenee eee A-1 
Pode SUE VEIN sists sas atcevesnsisetsen vs etaays tiers oseescoper wy euseakenaeemannvcearesmeaunieana euassaemdonaviauierieanent A-2 
A.2 MINDOW MEIN wiscceicace aie esdeates casera tasandencanduatyantuanieaianyenemccte arate magaealeetre patna A-3 
A.3 BOCK IME axes trtie ces ieeclsat 0s cath cee lepeauaieaysa tence aus ine ceunne dae uence apentunalceas A-4 
A.4 SEARCH: MEN Okc sateccvivecwteaeswvaunslocasvantiatestaeessioaoasn etaaves tt ancetcaauetnadinice tondgeiwaonsuciaseedeiecseday’ A-5 
A.5 PINE ING isc ochine splceuna eee ane tates cee Dosh leat sad eens deci cet tue iecae a seat aheet A-6 
A.6 MACRO MEN (5 ,scescisaecatasyenscacneal Get cccayhandetsezasven saa eanaos ab thactangueeeviaucennpad tears Seay eatataiveddetes A-7 
A.7 BO UING MEIN U icc sscrsaazoratuaseatnciinnyistienymensietanetebdaestaqiusavadegsnenduadssdaadwunsanaeydecunaavennteemaesen ete: A-8 
A.8 OT IE IVE NU asia ess cer atean a a cesaa ncn ar ecsiatacabuseg sacaanoie ce aude seeseticesansesdesy maetetsuanedes A-9 
A.9 IT IRIN ares couse taper tcpeeste eden deans Susetdeseis stu detasuetebsey cau vincvateauassn taste eerie A-11 


SECTION VI: GLOSSARY / INDEX 


GLOSSARY 


INDEX 


PALASM 4 USER’S MANUAL 
eee ASC LL Ly 
May 1992 XVil 


SECTION III 
LIBRARY REFERENCE 


Chapter 7: Introduction 


Chapter 8: Macro and Schematic Datasheets 


DocVer 1.0 PALASM 4 USER’S MANUAL 
February 1991 SECTION Ill, LIBRARY REFERENCE il-i 


li February 1991 


DocVer 2.0 
July 1991 


CHAPTER 7 


INTRODUCTION 


PALASM 4 USER’S MANUAL 
SECTION Iil, LIBRARY REFERENCE, CHAPTER 7, INTRODUCTION 


7 


7 


PALASM 4 USER’S MANUAL, SECTION lil, LIBRARY REFERENCE 


July 1991 


CONTENTS 


July 1991 


SIN TR ORC TON gcse asc sca be scat case esos ice esl ocs ata ative eae ve tutca diceeaeee taut eee 1 
fal MACH LIBRARY OVER VIEW coors icsa sects ritelcapsas ti vceotaccs cz sahecslodensresteteucecaueoceuspalessmnnetteranabauenys 2 
TZ ANNOTATED SCHEMA TEC cno55s55 Sidi cioecrc ceric cticteosap tees te scaei esha cance etaiveteeeadacocirecausteemecden euaeieaGiens 3 
T3° “CAPTURING A: SCHEMAMIG cicpcsiacccoceswclencdiesnchcecentids alunaceiuansasnascaeaccnenestasscecuntevecasacsorsacevcecsetalaneenes 6 
13:1, SPECIFYING PIN: AND NODE NUMBERS wsiciccteicsaicnnstneineitnidesinnccnsectiacdannseieiens beeen 6 

1.3.2 GROUPING: SIGNALS INTO A BLOCK sise.cccdiascscuiatenacsedsdtuagidicvssc atitio madesduteetetiadiedetat 7 

firose’ “TORNING: MINIMIZATION OFF ote fsrcecsitcveants thane iuaGeat dane ieetaaidansiea a tendediaeaisiesdananaiuauate 7 

7.3.4 MANUALLY SPLITTING PRODUCT TERMS .....00.......cccccccccceseeeecneceeeceeaeeeceseeeceteesestnneaeetnes 8 

7.3.5 TERMINATING UNUSED INPUTS AND OUTPUTS 2.0.00... ccc eceeceeceeceececeteestreeseeeetaeens 8 

7.3.0; JEFINING PRESET AND: RESET FUNCTIONS vecsscaiiiescsiteradaaesicudstsivectonzeexncnesa aac 9 

7.3.7 INTERPRETING REFERENCE DESIGNATORSG.....00...... 0.0.0 cccecccceeeceeeceeceeeeeeeeensneneneeerennas 10 

TeSeON INIWHING SIGNI S orsciccs eset cats ntcas) acre ele adie tteu siesta nu cua arsiunalaay eucagdacuenssaaiceteuds 10 

TA ANNOTATED DATASHEET cesses sci ects tet cciad cede ec ace cece ae ieicacesetieeaseideteseees 11 


CHAPTER 7, INTRODUCTION 7-iii 


7Av PALASM 4 USER'S MANUAL, SECTION Ill, LIBRARY REFERENCE July 1991 


INTRODUCTION 


This chapter introduces the MACH library! and its func- 
tional elements, called macros, in four discussions. 


> The overview, 7.1, introduces the categories of 
macros contained within the AMD-supplied library. 


¢ The annotated schematic design discussion, 7.2, 
illustrates considerations for capturing a schematic 
and points to the corresponding descriptions in 
discussion 7.3. 


« The capturing a schematic discussion, 7.3, 
describes how to use the library macros effectively 
to create a design using OrCAD/SDT Il. 


¢ The annotated datasheet, 7.4, provides a sample 
datasheet from Chapter 8, in this section, with a 
description of each information field. 


1 Only the MACH family of devices is supported in the library. The library must be purchased 
separately from the PALASM 4 software. 
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7.1 MACH AMD provides over 100 commonly used logic functions 
LIBRARY as macros in the MACH library. A summary of the 


OVERVIEW available macros is shown next.2 


BUFFER COMBINATORIAL OTHER STORAGE TTL-EQUIVALENT 
MAcROS MACROS Macros ones MACROS 


See Chapter 8 


Refer to Chapter 8, in this section, for a complete list of macros, symbols, and datasheets. 


LLL ST SSS SS Se i SU SiS SSS ca i eS 
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7.2 ANNOTATED 
SCHEMATIC 


July 1991 


This discussion presents an annotated schematic to 
illustrate the features and considerations of capturing a 
MACH schematic d3sign. Each lettered paragraph 
below corresponds to a circled letter in the next figure. 


A. You use the AINIT macro to specify the asyn- 
chronous preset and reset for all three terminal 
storage macros in a design. 


In this case, the T-type flip-flops in the 74163 are 
set and reset by the signals ASYNC_SET and 
ASYNC_RST. Use five-terminal storage macros to 
specify multiple asynchronous preset and reset 
functions. 


B. You use the NODE macro on a wire connected to a 
module port to specify a package pin number. In 
this case, the clock is connected to pin 13. 


C. You use the PDWN and PUP macros to disable 
unused IT TL-equivalent macro inputs, preventing 
the unused input signals from being connected to 
the package pins due to lower-level module ports. 


Use the PDWN macro to disable an active-high 
input and the PUP macro to disable an active-low 
input. 


D. You use the NC macro to terminate unused 
TTL-equivalent macro outputs. Any unused logic 
associated with the designated output is then 
removed during later processing. 


E. You use the NODE macro to assign logic to specific 
blocks in the MACH device. !n this case, the 
equation driving QD is grouped into block A. 
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F. You use the NODE macro to specify the node 
number of a buried node signal. In this case, the 
signal NODE1 is placed at location 18.9 


G. You use the NODE macro to prevent minimization 
of logic. In this case, inhibiting minimization 


preserves the redundant hold term of the latch 
design. 


Refer to Section IV, Chapter 11, for details on node numbers for each MACH device. 


PALASM 4 USER’S MANUAL, SECTION III, LIBRARY REFERENCE July 1997 


ASYNC_SET(— (A) 
aes ="=-} AP 
ASYNC_RST| ,, 
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7.3 CAPTURING 
A SCHEMATIC 


7.3.1 SPECIFYING 
PIN AND NODE 
NUMBERS 


CLOCK 
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You capture a MACH schematic using OrCAD/SDT III 
and the optional MACH macro library. PALASM 4 
provides an interface to the OrCAD/SDT III software.4 


The features and considerations for capturing a MACH 
schematic design are presented in the following 
discussions. 


¢ 7.3.1, Specifying Pin and Node Numbers 

¢ 7.3.2, Grouping Signals into a Block 

¢ 7.3.3, Turning Minimization Off 

¢ 7.3.4, Manually Splitting Product Terms 

¢ 7.3.5, Terminating Unused Inputs and Outputs 
¢ 7.3.6, Defining Preset and Reset Functions 

¢ 7.3.7, Interpreting Reference Designators 

¢ 7.3.8, Naming Signals 


I/O pins in a MACH design are automatically defined by 
unresolved module ports, ones that do not have a 
complementary connection. All module ports in the 
design above are unresolved. 


To specify an I/O pin or a node location, you connect a 
NODE macro to the corresponding signal wire and edit 
part field 1 to indicate the desired number. You enter 
only the pin or node number; no alpha characters are 
allowed. 


Refer to Section |, Chapter 1, for details on installing the interface to OrCAD/SDT III. 
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Important: Assign fixed I/O package pin locations only 
when necessary. Letting pins float allows more 
flexibility during the fitting process and results in a 
higher probability of success. 


Also: You must connect the NODE macro to an 
individual signal wire; connections to bus wires are 
ignored. 


7.3.2 GROUPING To group the logic associated with a signal into a 
SIGNALS INTO A specific block, you can connect a NODE macro to the 
BLOCK corresponding signal wire and edit part field 2. The 


block letter must be preceded by a period, for example, 
Aor .B. 


Important: You must use the NODE macro to assign 
attributes to buffer, combinatorial, and module port 
nets. Storage and TTL-equivalent macros have 
inherent attribute fields. 


RESET 


7.3.3 TURNING During compilation, logic is replaced with its DeMorgan 
MINIMIZATION OFF equivalent if the latter implementation requires fewer 
product terms. 


Important: When DeMorganized equivalents are sub- 
stituted for clocked macros, polarity inversion occurs 

after the storage element. As a result, the operation of 
the set/reset logic is reversed when viewed at the pi 


Inhibiting minimization also preserves the redundant 
hold used in latch designs to prevent timing glitches. 


To prevent minimization for the logic associated with a 
signal, you connect a NODE macro to the correspond- 
ing signal wire and edit the name of part field 3 to 
NO_MIN. 
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7.3.4 MANUALLY The 6-input parity generator, shown in the annotated 

SPLITTING PRODUCT schematic discussion, is an example of a circuit that 

TERMS requires gate splitting. To implement the complete 
function requires 32 product terms. However, a MACH 
110 device can support only 12 product terms for a 
single macrocell.° 


You can split the product terms of this function by 
placing a NODE macro at the output of each XOR3, 
thereby creating two buried nodes. The buried node 
results are fed back into the array to produce the result 
POUT. Each of the smaller XOR functions fits into a 
single macrocell; the final implementation of the parity 
generator fits into a MACH 110 device. 


Important: Splitting product terms requires feedback 
through the array that introduces an additional unit of 
delay in the signal path. You must account for this 

added delay. 


7.3.5 TERMINATING You must disable unused TTL-equivalent macro inputs 
UNUSED INPUTS AND by connecting them to supply or ground. This prevents 
OUTPUTS the unused input signals from being connected to 


package pins due to lower-level module ports. 


Similarly, you must terminate unused TTL-equivalent 


Oo? macro outputs with an NC macro. Any unused logic 
associated with the designated output is then removed 
oe during later processing. 
9 Refer to Section IV, Chapter 11, for details on steering product terms. 


7-8 PALASM 4 USER’S MANUAL, SECTION Ill, LIBRARY REFERENCE July 1991 


7.3.6 DEFINING 
PRESET AND RESET 
FUNCTIONS 


July 1991 


The MACH library contains storage macros with either 
implied or explicit asynchronous set and reset 
functions. You specify these functions to define when 
asynchronous set or reset signals are generated after 
the device powers up. All flip-flops and latches are 
automatically reset when the device powers up, 
independent of the asynchronous control logic. 


The AINIT macro represents the implied asynchronous 
set and reset functions for all of the three-terminal 
storage macros in adesign. The following storage 
macyos require the AINIT macro for asynchronous set 
and reset definition. 


- FD 
- FT 
- LD 
- LDX 


Note: Only one AINIT macro can be specified per de- 
sign. Any additional reset functions must be defined 
explicitly. 


The following storage macros have five terminals, 
thereby allowing you to explicitly connect the 
appropriate asynchronous set and reset function. 


> DFF 
> DLAT 
- DLATX 
-  TFF 


Important: Only one asynchronous set and reset 
signal can be implemented in a single block within the 
MACH device. Each time you specify a unique set or 
reset function, the new logic is placed in a separate 

block. 
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7.3./ INTERPRETING Each instance of a macro in a schematic must have a 


REFERENCE unique reference designator. Reference designators 
DESIGNATORS are automatically assigned during the compilation 
process. 


Note: Each reference designator must be unique 


across all levels of hierarchy, including the subsheets of 
MACH macros. 


The following types of reference designators are used 
in the AMD-supplied macro libraries. 


¢ M? appears with combinatorial, TTL-equivalent, 
and non-three-state buffer macros. 


¢ X? appears with storage and three-state macros. 


¢ 10? appears with the NODE and NC macros. 


Tip: Error and warning messages include the reference 
designator and net name of the flagged logic; therefore, 
it is a good idea to name all nets in the design. 


7.3.8 NAMING Use an alphanumeric string no longer than nine 
SIGNALS characters for each signal name. Signal names are not 
case sensitive. 


Important: A forward slash, /, does not affect the 
polarity in a schematic signal name. 


Note: When a schematic-based design is compiled, a 
<design>.PDS file is generated. The signal names in 
this file may have prefixes or suffixes to guarantee 
uniqueness in the design hierarchy. For example, a 
forward slash is converted to a _FS_ prefix. 


a a ae 
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7.4 ANNOTATED 
DATASHEET 


July 1991 


This discussion presents an annotated datasheet 

to illustrate the layout and information contained 
therein. Chapter 8, in this section, contains datasheets 
for each of the TTL-equivalent macros available in the 
MACH library. Each lettered paragraph below 
corresponds to a circled letter in the next two figures. 


A. The feature summary is a bulleted list that 
summanzes the logical features of the macro. 


B. The logic symbol illustrates the macro pin names 
and how they appear on the symbol. 


C. The MACH resource summary lists the number of 
resources consumed by a stand-alone macro. This 
summary does not account for potential minimiza- 
tion or conflicts with other logic in a design. The 
following utilized resources are listed. 


e Macrocell count 

e Array inputs 

e Product terms used 

¢ Product terms allocated 

¢ MACH-family restrictions, if applicable 


D. The functional description explains the logical 
operation of the macro, and corresponds to the 
information presented in the function table. It also 
indicates if the macro is a non-standard TTL 
implementation. 


E. The sample PDS equivalent represents the PDS file 
generated when the macro schematic is processed 
as a Stand-alone design. 
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The function table illustrates the functional 
operation of the macro. Logic states are 
represented as follows. 


¢« H represents a logical 1, or HIGH, state. 
¢« Lrepresents a logical 0, or LOW, state. 
¢«  X represents a don't-care condition. 

¢ Anup arrow represents a rising edge. 


. The schematic is a logical representation of the 


macro circuit as created in OrCAD/SDT Ill. The 
following graphic changes have been made to 


enhance the clarity of the schematics. No changes 


have been made to the logic. 
¢ Reference designators have been removed. 


e Part values have been removed from non- 
storage macros. 


¢ Module-port names have been relocated to a 
position above the module-port symbol. 


¢« Some pin names have been removed to 
prevent crowding. 
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74163 4-Bit Binary Counter w/ Synchronous Reset 74163 


C 


e Synchronous 4-bit binary- 
loadable up counter 


® Synchronous reset 


® Carry look-ahead output for 
making wider counters 


©) 


Functional Description 


© 


Logic Symbol Macrocell count: 5 
Array inputs: 12 
Product terms used: 17 


Product terms allocated: 20 


The 74163 macro is a 4-bit binary-loadable up counter with synchronous reset logic. The 
enable input lines, ENP and ENT, and the ripple carry-out line, RCO, allow for multiple 
macros to be cascaded. RCO goes HIGH when the maximum count of 15 has been reached 
and ENT is HIGH. To enable and increment the counter value, you feed the RCO output to 
the ENP and ENT inputs of the next counter stage. QD is the most significant counter bit. 


© 


Sample PDS Equivalent 
QA.T = ((/CLR * QA) + (CLR * /LOAD 
*/A* QA) + (CLR * /LOAD * /QA 
* A) + (CLR * ENP * LOAD * ENT)) 

QA.cikf = CLK 

QB.T = ((/CLR * QB) + (CLR * /LOAD 
* /B* QB) + (CLR * /LOAD * /QB 
*B) +(CLR * QA * (CLR * ENP 
* LOAD * ENT))) 

QB.clkf = CLK 

QC.T = ((/CLR * QC) + (CLR * /LOAD 
*/C * QC) + (CLR * /LOAD * /QC 
*C) + (CLR * QB* QA * (CLR * ENP 
* LOAD * ENT))) 

QC.clkf = CLK 

QD.T = ((/CLR * QD) + (CLR * LOAD 
*/D* QD) + (CLR * /LOAD * /QD 
*D) + (CLR * QC * QB* QA* (CLR 
* ENP * LOAD * ENT))) 

QD.clkf = CLK 

RCO = (QD * QC * QB* QA* ENT) 
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Function Table 


|Mode | CLK CLR Load ENP ENT | QD QC QB QA 


QD QC QB QA 
CE tk Ok. Oe 


DC BA 
Count Up 
QD QC QB QA 
QD QC QB QA 


* The RCO is HIGH when the counter output is 15 and ENT is HIGH. 
Otherwise, it stays LOW. 
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74163 4-Bit Binary Counter w/ Synchronous Reset 74163 
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7.2.24 LATCH MACH 2 series devices have special resources to 

MACROS implement latch macros directly. MACH 1 series 
devices implement the latch macros as combinatorial 
functions. 


7.2.3 MINIMIZATION During compilation, logic is replaced with its 
DeMorgan equivalent if the latter implementation 
is more economical. 


Important: When DeMorganized equivalents are 
substituted for clocked macros, polarity inversion 

occurs after the storage element. As a result, the 
operation of the Set/Reset logic is reversed when 
viewed at the pi 


To prevent this reversal, you use the NODE macro and 
specify the NO_MIN attribute. Inhibiting minimization 
also preserves the redundant hold used in latch designs 
to prevent timing glitches. 


7.2.4 REFERENCE Each instance of a macro in a schematic must have a 

DESIGNATORS unique reference designator. Reference designators 
are automatically assigned during the compilation 
process. 


Note: Each reference designator must be unique 


across all levels of hierarchy, including the subsheets of 
MACH macros. 


The following types of reference designators are used 
in the AMD-supplied macro libraries. 


¢ M? appears with combinatorial, TTL-equivalent, 
and non-three-state buffer macros. 


¢ X? appears with storage and three-state macros. 
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¢ 10? appears with the NODE and NC macros. 


Tip: Error and warning messages include the reference 
designator and net name of the flagged logic; therefore, 
it is a good idea to name all nets in the design. 


7.2.5 SIGNAL Use an alphanumeric string no longer than nine 
NAMES characters for each signal name. Signal names are not 
case sensitive. 


Important: A slash, /, does not affect the polarity ina 
schematic signal name. 


a 
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7.3 ANNOTATED 
DATASHEET 


February 1991 


This discussion presents an annotated datasheet to 
illustrate the layout and information contained therein. 
Chapter 8 contains datasheets for each of the TTL- 
equivalent macros available in the MACH library. Each 
lettered paragraph below corresponds to a circled letter 
in the next two figures. 


A. The feature summary is a bulleted list that 
summarizes the logical features of the macro. 


B. The logic symbol illustrates the macro pin names 
and how they appear on the symbol. 


C. The MACH resource summary lists the number of 
resources consumed by a stand-alone macro. This 
summary does not account for potential minimiza- 
tion or conflicts with other logic ina design. The 
following utilized resources are listed. 


¢ Macrocell count 

e Array inputs 

¢ Product terms used 

¢ Product terms allocated 

¢ MACH-family restrictions, if applicable 


D. The functional description explains the logical 
operation of the macro, and corresponds to the 
information presented in the function table. It also 
indicates if the macro is a non-standard TTL 
implementation. 


E. The sample PDS equivalent represents the PDS file 


that is generated when the macro schematic is 
processed as a stand-alone design. 
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F. The function table illustrates the functional 
operation of the macro. Logic states are 
represented as follows. 


* 1 -represents a logical 1, or HIGH state 
¢ Qrepresents a logical 0, or LOW state 
¢« Xrepresents a don't-care condition 
¢ AN arrow represents a rising edge 


G. The schematic is a logical representation of the 
macro Circuit as created in OrCAD/SDT Ill. The 
following graphic changes have been made to 
enhance the clarity of the schematics. No changes 
have been made to the logic. 


¢« Reference designators have been removed. 


e Part values have been removed from non- 
storage macros. 


¢ Module-port names have been relocated to a 
position above the module-port symbol. 


¢ Some pin names have been removed to 
prevent crowding. 


7-18 PALASM 4 USER'S MANUAL, SECTION Ill, LIBRARY REFERENCE February 1991 


74163 4-Bit Binary Counter w/ Synchronous Reset 74163 


@) © 


e Synchronous 4-bit binary- Logic Symbol Macrocell count: 5 
loadable up counter Array inputs: 12 
Product terms used: 17 


® Synchronous reset Product terms allocated: 20 


® Carry look-ahead output for 
making wider counters 


Functional Description 

The 74163 macro is a 4-bit binary-loadable up counter with synchronous reset logic. The 
enable input lines, ENP and ENT, and the ripple carry-out line, RCO, allow for multiple 
macros to be cascaded. RCO goes HIGH when the maximum count of 15 has been reached 
and ENT is HIGH. To enable and increment the counter value, you feed the RCO output to 
the ENP and ENT inputs of the next counter stage. QD is the most significant counter bit. 


© ©) 


Sample PDS Equivalent Function Table 
QA.T = ((/CLR * QA) + (CLR * /LOAD 
*/A* QA) + (CLR * /LOAD * /QA 
* A) + (CLR * ENP * LOAD * ENT)) 

QA.clkf = CLK 

QB.T = ((/CLR * QB) + (CLR * /LOAD 
* /B * QB) + (CLR * /LOAD * /QB 
*B) + (CLR * QA * (CLR* ENP 


{OAD END) ee 
QB.clkf = CLK 
QC.T =((/CLR * QC) + (CLR * /LOAD * The RCO is HIGH when the counter output is 15 and ENT is HIGH. 
*1iC* QC) 4 (CLR * LOAD * /QC Otherwise, It Stays LOW. 


*C)+(CLR* QB* QA* (CLR* ENP 
* LOAD * ENT))) 

QC.clkf = CLK 

QD.T = ((/CLR * QD) + (CLR * /LOAD 
*/D * QD) + (CLR * /LOAD * /QD 
*D) +(CLR* QC *QB*QA* (CLR 
* ENP * LOAD * ENT))) 

QD.clkf = CLK 

RCO = (QD * QC * QB * QA* ENT) 
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4-Bit Binary Counter w/ Synchronous Reset 74163 


74163 


al 
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1442 BCD-to-Decimal Decoder 7442 


The 7442 macro decodes a 4-bit BCD input into a 
single active-LOW output. All outputs remain HIGH 
for invalid inputs. 


The 7448 macro decodes a 4-bit BCD input into a 
7-segment-display format. 


Onmnoodw> 


a 
fe) 
= 


4-Bit Latch 


The 7477 macro is a 4-bit latch. The Qi — Q4 outputs 
follow the D1 — D4 input data when the G latch enable 
is set HIGH. When G is set LOW, the outputs latch 
the input data and further activity at D1 — D4 is 
ignored. 


Note: The TTL version contains two 4-bit latches. 


2-Bit Full Adder 


The 7482 macro adds two 2-bit numbers using 
carry look-ahead logic to generate the carry out, C2. 
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4-Bit Full Adder 


The 7483 macro adds two 4-bit numbers using 
carry look-ahead logic to generate the internal 2-bit 
carry, C2, and the final carry out, C4. 


Note: The first 2-bit addition is performed as shown 
in the 7482 data sheet. 


4-Bit Magnitude Comparator 


The 7485 macro compares two 4-bit numbers, then 
activates one of the three outputs: A=B, A>B, or 
A<B. For cascaded 7485 macros, the least- 
significant stage must have the A=B input HIGH 
and the A>B and A<B inputs LOW. 


Note: The TTL version functions differently when 
more than one cascading input is HIGH or when all 
cascaded inputs are LOW. 


8-Bit Shift Register 


The 7491 macro is an 8-bit serial-in serial-out shift 
register. The serial-input stream is the result of 
logically ANDing inputs A and B. 


4-Bit Shift Register 


The 7494 macro is a 4-bit serial-in serial-out shift 
register with asynchronous clear and synchronous 
preset logic. 


Note: The TTL version has asynchronous preset 
logic. 
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5-Bit Shift Register 


The 7496 macro is a 5-bit shift register that offers 
access to each flip-flop's input and output. The 5- 

bit value at inputs A — E is preloaded into the shift 
register on the rising-edge of CLK when PE is HIGH. 
The preset function overrides the shift operation. 


Note: The TTL version has asynchronous preset 
logic. 


4-Bit Latch w/ Clear 


The 74116 macro is a 4-bit latch with an 
asynchronous reset. 


Note: The TTL version contains two 4-bit 
latches. 


3-to-8 Line Decoder 


The 74138 macro decodes a 3-bit binary input 
into a single active-LOW output. You can cascade 
these macros to implement a decoder with up to 
24 outputs via the three enable inputs: G1, G2A, 
and G2B. 


2-to-4 Line Decoder 


The 74139 macro decodes one of four active-LOW 
outputs depending on two data inputs. The active- 
LOW enable input, G, can be used as an input 
when decoding more output lines. 
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10-to-4 Priority Line Encoder 


The 74147 macro generates a 4-bit BCD output 

code that represents the highest-order-LOW data 
input. Priority encoding of the inputs ensures that 
only the highest-order data-input line is encoded. 


8-to-3 Priority Line Encoder 


The 74148 macro generates a 3-bit binary output 
code that represents the highest-order-LOW data 
input. You can use the input enable, El, and output 
enable, EO, to expand priority encoding. 


16-to-1 Multiplexer w/ Enable 


The 74150 macro decodes four data-input lines to 
select one of 16 data sources. The enable input, G, 
must be LOW to enable the Y output. 


8-to-1 Multiplexer w/ Enable 


The 74151 macro decodes three data-input lines to 
select one of eight data sources. The enable input, 
G, must be LOW to enable the Y output. 
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Dual 4-to-1 Multiplexer w/ Enable 


The 74153 macro consists of two 4-to-1 
multiplexers with common data-select lines. 
Each 4-to-1 multiplexer has an active LOW 
strobe input line to enable the output. 


4-to-16 Line Decoder 


The 74154 macro decodes four data-input lines to 
select one of 16 active LOW outputs. You can use 
the enable inputs, G1 and G2, to cascade multiple 
macros. 


Quad 2-to-1 Multiplexer 


The 74157 macro selects one of two 4-bit words 
based on the level of the select line, SEL. The 
enable input, G, must be LOW to enable the output 
lines. When G is HIGH, all the outputs are forced 
LOW regardless of the inputs. 


Quad 2-to-1 Multiplexer 


The 74158 macro selects one of two 4-bit words 
based on the level of the select line, SEL. The 
enable input, G, must be LOW to enable the output 
lines. When G is HIGH, all the outputs are forced 
HIGH regardless of the inputs. 
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74162 4-Bit BCD/Decade Counter w/ Synchronous Reset 74162 
QA 


The 74162 macro is a 4-bit BCD-loadable up 
counter with synchronous reset logic. The enable 
input lines, ENP and ENT, and the ripple carry- 
out line, RCO, allow for multiple macros to be 
cascaded. 


The 74163 macro is a 4-bit binary-loadable up 
counter with synchronous reset logic. The enable 
input lines, ENP and ENT, and the ripple carry-out 
line, RCO, allow for multiple macros to be 
cascaded. 


The 74164 macro is an 8-bit serial-in parallel-out 
shift register with synchronous reset. The two serial 
inputs, A and B, are logically ANDed. 


Note: The TTL version has asynchronous reset logic. 


Parallel-Load 8-Bit Shift Register 


m 
»°) 


The 74165 macro ts an 8-bit parallel-in serial-out 
shift register. Setting the inhibit input, CLKINH, 
HIGH inhibits shifting and the registers retain their 
current values. A parallel-load operation overrides 
the inhibit function. 


M4 IOTNMIVOWPH 
Q 


Note: The TTL version has two clock lines and 
asynchronous load logic. 
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74166 8-Bit Parallel-In Serial-Out Shift Register 74166 


” 
m 
B) 


The 74166 macro is an 8-bit parallel-in serial-out 
shift register with synchronous reset. Setting the 
inhibit input, CLKINH, HIGH inhibits shifting and 
the registers retain their current values. 


° IQ NMOOW>Y 
nm 


Note: The TTL version has asynchronous reset 
logic. 


4-Bit Up/Down BCD Counter 


The 74192 macro is a 4-bit up/down BCD counter 
with synchronous parallel load and asynchronous 
reset logic. 


Note: The TTL version has asynchronous parallel- 
load logic and uses the UP and DN inputs as two 
independent clock lines to control the direction of 
the count sequence. 


4-Bit Up/Down Binary Counter 


The 74193 macro is a 4-bit up/down binary counter 
with synchronous load and asynchronous reset 
logic. 


Note: The TTL version has asynchronous parallel- 
load logic and uses the UP and DN inputs as two 
independent clock lines to control the direction of 
the count sequence. 


14194 4-Bit Bidirectional Universal Shift Register 74194 


The 74194 macro is a 4-bit bidirectional universal 
shift register with synchronous reset logic. 


Note: The TTL version has asynchronous reset 
logic. 
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74240 Octal Inverting Buffers w/ 3-State Outputs 74240 


The 74240 macro contains two groups of four 
inverting buffers. Each group is enabled by an 
active-LOW input control line. 


74244 = Octal Non-Inverting Buffers w/ 3-State Outputs 74244 


The 74244 macro contains two groups of four non- 
inverting buffers. Each group is enabled by an 
active-LOW input control line. 


The 74245 macro implements an 8-bit bus 
transceiver. You can transmit data from bus A to 
bus B or from bus B to bus A. The data-transfer 
direction is controlled by the DIR control line. If the 
enable input, G, is set HIGH, then the buses are 
disabled and isolated. 


8-Bit Addressable Latch 


The 74259 macro is an 8-bit addressable latch with 
asynchronous reset logic. The following four modes 
of operation are selectable via the CLR and G 
inputs: addressable latch, memory, active-HIGH 
3-to-8 demultiplexer, reset. 
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Octal D-Type Flip-Flops 


The 74273 macro is an octal D-FF bank with 
asynchronous reset logic. 


74299X 
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9-Bit Parity Generator/Checker 74280 


The 74280 macro is a combinatorial circuit that 
generates or checks for even parity on nine data 
lines. Odd parity is obtained by taking the 
inversion of the EVEN parity output. 


Quad 2-to-1 Multiplexer with Storage 


The 74298 macro selects one of two 4-bit words 
and stores each bit in a register on the rising edge 
of CLK. 


8-Bit Bidirectional Universal Shift Register 74299X 


The 74299X macro is composed of two 74194s 
connected to form an 8-bit bidirectional universal 
shift register with synchronous reset logic. 


Note: The TTL version has three-state bidirectional 
I/Os that serve as the parallel-load inputs as well 
as the Q outputs. 
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74373 Octal D-Type Latches with 3-State Outputs 74373 


The 74373 macro is an octal D latch with an 
active-LOW enable input. 


The 74374 macro is an octal D-type register with an 
active-LOW enable input. 


8-Bit Identity Comparator 


The 74518 macro compares two 8-bit numbers and 
sets the EQUAL output HIGH if the two numbers 
are equal. The enable input, G, must be held LOW 
to enable the EQUAL output. 


8-Bit Identity Comparator 


The 74518 macro compares two 8-bit numbers and 
sets the EQUAL output LOW if the two numbers 
are equal. The enable input, G, must be held LOW 
to enable the EQUAL output. 
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1-Bit Full Adder 


The ADD1 macro adds two 1-bit numbers. You can 
use the carry-out and carry-in signals to cascade 
multiple adders 


implicit Preset and Reset 


The AINIT macro specifies the asynchronous 
preset and reset functions for all of the associated 
three-terminal flip-flops and latches. 


AND AND Gates AND 


The AND2 thru AND16 macros are AND gates 


qe ar with two to 16 inputs. 


AND2 AND16 


Buffer 


The BUF macro is a single input non-inverting 
buffer. 
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DECODE4 2-to-4 Line Decoder DECODE4 


The DECODE4 macro decodes one of four active- 
HIGH output lines depending on the 2-bit data 
inputs. The enable input, G, must be LOW to 
activate the decoder. You can use the enable 
inputs to cascade multiple decoders. 


D Flip-Flop 


The DFF macro is a five-terminal D-type flip-flop. 


D Latch 


The DLAT macro is a five-terminal latch with an 
active-high latch input. 


D Latch 


The DLATX macro is a five-terminal latch with an 
active-low latch input. 
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D Flip-Flop 


The FD macro is a three-terminal D-type flip-flop. 
Use the AINIT macro to specify the asynchronous 
preset and reset functions. 


T Flip-Flop 


The FT macro is a three-terminal T-type flip-flop. 


Use the AINIT macro to specify the asynchronous 
preset and reset functions. 


Inverters 


The INV macro is a single input inverter. 


The |2 through 18 macros are banks of 
inverters with two to eight elements. 


The LD macro is a three-terminal latch with an 
active-high latch input. Use the AINIT macro to 
specify the asynchronous preset and reset functions. 


February 1991 
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D Latch 


The LDX macro is a three-terminal latch with an 
active-low latch input. Use the AINIT macro to 
specify the asynchronous preset and reset functions. 


2-to-1 Multiplexer w/ Enable 


The MUX2 macro decodes one data-input line to 
select one of two data sources. The enable input, 
G, must be LOW to enable the Y1 output. 


4-to-1 Multiplexer w/ Enable 


The MUX4 macro decodes two data-input lines to 
select one of four data sources. The enable input, 
G, must be LOW to enable the Y output. 


NAND Gates 


The NAND2 thru NAND16 macros are NAND 
gates with two to 16 inputs. 


NAND16 
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No Connect 


The NC macro terminates unused outputs from 
other macros. 


The NODE macro forces a signal to an internal 
node and provides attributes for specifying 
node #, blockname, and no minimization. 


When connected to a module port, this macro 
does not force an internal node, but provides 
an attribute for specifying the pin #. 


NOR Gates 


The NOR2 through NOR16 macros are NOR 
gates with two to 16 inputs. 


Inverting Three-State Buffer 


The NTRST macro is an inverting three- 
state buffer. 
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OR Gates 


The OR2 through OR16 macros are OR gates 
with two to 16 inputs. 


T Flip-Flop 


The TFF macro is a five-terminal T-type flip-flop. 


Three-State Buffer 


The TRST macro is a non-inverting three- 
state buffer. 


XNOR Gates 


The XNOR2 through XNOR4 macros are XNOR 


+) > eee “) > gates with two to four inputs. 


XNOR2 XNOR4 
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XOR Gates 


The XOR2 through XOR4 macros are XOR gates 


) > coe “) > with two to four inputs. 


XOR2 
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XOR4 
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7442 BCD-to-Decimal Decoder 7442 


e Active-LOW outputs Logic Symbol Macrocell count: 10 
Array inputs: 4 
Product terms used: 10 
Product terms allocated: 40 


Functional Description 


The 7442 macro decodes a 4-bit BCD input into a single active-LOW output. All outputs 
remain HIGH for invalid inputs. 


Sample PDS Equivalent Function Table 


C9 =/(D*/C*/B*A) BCD Inputs Decimal Outputs 


C8 =/(D*/C */B* /A) 
C7 =/(/D* C*B*A) | {| D C B A | CO C1 C2 C3 C4 C5 C6 C7 C8 C9 


C6 =/(/D* C* B*/A) 
C5 =/(/D* C*/B*A) 
C4=//D* C*/B*/A) 
C3=/(/D* /C* B*A) 
C2=/(/D*/C*B*/A) 
C1 =/(/D*/C*/B* A) 
CO =/(/D* /C * /B* /A) 


OOBDNOMNA WM — Oo 


LL rere eco eee 
Lk Lee err Lelie ee 
Lire Lae ele ele e 
Le Le Le LeeLee Le Le 
Lek rk eo be 
Ps GSE ge IS OG KT a (eI HEC MA) A RSH GE a Se 
PS Gg CES PP aD GG ew Re Oa SE Ge OR ae AE A 
Gp EE ah CS a Ogee RE RE ees GC i Cea) 
po a es He Ma RS ee ee ea se eae Ge Oe aa Be Os 
LL bee ee re aa 
ge le ols cle ke ok She eet Ss SE ee Ee 
A DE 2a ee 
Ps OAS Giars Be Sie 2405) Sl weed eS Ses es Gee Sm le OE GR 
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BCD-to-Decimal Decoder 7442 


7442 


I 
L 
a 


O 
4 
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1448 BCD-to-7-Segment Decoder 7448 


8-20 


e Lamp-test feature 


© Leading- and trailing-zero 
blanking 


Functional Description 


Logic Symbol 


Macrocell count: 


Product terms used: 
Product terms allocated: 48 


8 
8 
32 


The 7448 macro decodes a 4-bit BCD input into a 7-segment-display format. To turn off all 
display segments, you can set the lamp-test input, LT, LOW. When the blanking input, BIN, is 
set LOW, all segments are turned off regardless of the BCD inputs. When the ripple-blanking 
input, RBI, and all BCD inputs are set LOW, and LT is set HIGH, all segments and the ripple- 
blanking outputs, RBO, are turned off. You can connect the RBO to the RBI of adjacent 7448 


macros to turn off leading or trailing zeros. 


Sample PDS Equivalent 


A =/(((((D2 * LT) * (BIN * RBON)) * (/D8 


* (BIN* RBON))) + (/(D1 * LT) * (/(D4 * LT) 


* (BIN * RBON))) + (((D1 * LT) * (BIN 


* RBON)) * (D2 * LT) * (D4 * LT) */D8)) 


B =A(/((D2 * LT) * (BIN * RBON)) */(/D8 
* (BIN * RBON))) + (/((D1 * LT) * (BIN 


* RBON)) * (D2 * LT) * (D4 * LT) * (BIN 
* RBON))) + ((D1 * LT) *(/(D2 * LT) * (BIN 
* RBON)) * (D4 * LT) * (BIN * RBON)))) 


C =((((D4 * LT) * (BIN * RBON)) * (/D8 
* (BIN * RBON))) + (/(D4 * LT) * (D2 
* LT) * (BIN * RBON)) * (D4 * LT))) 
D =(((D1 * LT) * (BIN * RBON)) * (D2 
* LT) “(D4 *LT)) + “(D1 * LT) * (D2 
* LT) “(D4 * LT) * (BIN * RBON))) 
+ (((D1 * LT) * (BIN * RBON)) * (D2 
* LT) * (BIN * RBON)) */(/(D4 * LT) 
* (BIN * RBON)))) 
E =/(((D1 *LT) * (BIN * RBON)) + ((D2 
* LT) *((D4 * LT) * (BIN * RBON)))) 
RBON = /(LT * /RBI * /D8 * (D4 * LT) 
* (D2 * LT) * (D1 *LT)) F = ADI 
* LT) * (BIN * RBON)) * (D2 * LT) 
* (BIN * RBON))) + (D2 * LT) * (BIN 
* RBON)) * (D4 * LT)) + ((/(D1 * LT) 
* (BIN * RBON)) * (D4 * LT) * /D8)) 
G =/(V//(D1 * LT) * (BIN * RBON)) * (D2 
* LT) * (BIN * RBON)) */(/(D4 * LT) 


* (BIN * RBON))) + (/(D2 * LT) * (D4 * LT) 


* /D8 * LT)) 
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Function Table 


Dec LT RBI | D8 D4 D2 D1 | RBO BIN 
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7448 


[i 


| 


1477 4-Bit Latch 1477 


e Enable input Logic Symbol Macrocell count: 4 
Array inputs: 9 
Product terms used: 8 
Product terms allocated: 16 


Functional Description 


The 7477 macro is a 4-bit latch. The Q1 — Q4 outputs follow the D1 — D4 input data when the 
G latch enable is set HIGH. When G is set LOW, the outputs latch the input data, and further 
activity at D1 — D4 is ignored. 


Note: 
The TTL version contains two 4-bit latches. 


Sample PDS Equivalent Function Table (for 1 bit) 


Q1 =((Q1 * VCC */G) + (VCC * GND) + (VCC * G* D1) ‘inputs | Outputs 
|G Di Qi 


+ (D1 * VCC * Q1)) 
Q2 = ((Q2 * VCC * /G) + (VCC * GND) + (VCC * G * D2) 


+ (D2 * VCC * Q2)) H H H 

Q3 = ((Q3 * VCC * /G) + (VCC * GND) + (VCC * G * D3) HH 
+ (D3 * VCC * Q3)) L_Xx 

Q4 = ((Q4 * VCC * /G) + (VCC * GND) + (VCC * G * D4) * Qo = previous state of Q | 
+ (D4 * VCC * Q4)) 
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1477 4-Bit Latch 1477 


e Enable input Logic Symbol Macrocell count: 4 
Array inputs: 9 
Product terms used: 8 
Product terms allocated: 16 


Functional Description 


The 7477 macro is a 4-bit latch. The Q1 — Q4 outputs follow the D1 — D4 input data when the 
G latch enable is set HIGH. When G is set LOW, the outputs latch the input data, and further 
activity at D1 — D4 is ignored. 


Note: 
The TTL version contains two 4-bit latches. 


Sample PDS Equivalent Function Table (for 1 bit) 

Q1 =((Q1 * VCC * /G) + (VCC * GND) + (VCC * G* D1) 
+ (D1 * VCC * Q1)) 

Q2 = ((Q2 * VCC * /G) + (VCC * GND) + (VCC * G * D2) 
+ (D2 * VCC * Q2)) 

Q3 = ((Q3 * VCC * /G) + (VCC * GND) + (VCC * G* D3) 
+ (D3 * VCC * Q3)) 

Q4 = ((Q4 * VCC * /G) + (VCC * GND) + (VCC * G * D4) * Qo = previous state of Q 
+ (D4 * VCC * Q4)) 
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| 7482 2-Bit Full Adder 7482 


e Carry output and input Logic Symbol Macrocell count: 3 
Array inputs: 5 
Product terms used: 23 
Product terms allocated: 24 


Functional Description 


The 7482 macro adds two 2-bit numbers using carry look-ahead logic to generate the carry 
out, C2. 


Sample PDS Equivalent Function Table 
S1 = (A1 :+: B1 :+: CO) 
S2 = (A2 :+: B2 :+: ((A1 * B1) 
+ (CO * (A1 :+: B1)))) 
C2 =((((A1 * B1) + (CO * (A1 :+: B1))) 
* (A2 :+: B2)) + (A2 * B2)) 


ak oe ae OP Ee Oe LE er Fe 
oe. i FE ee FS ee ee oe Ee 
Le re Lea ace re oe Le 
cou ee ea eee ee 
a Os ee ee ee 
Treaster ate LE 
Le 2 ee a Se ee ee 
ce aw ae i i ee a. ke ES ee 
et aR OE ee a a oe 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
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7482 2-Bit Full Adder 7482 


$1 

S2 

C2 
ae 
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7483 


e@ Carry output and input 


Functional Description 


4-Bit Full Adder 


Logic Symbol 


Macrocell count: 6 
Array inputs: 10 
Product terms used: 46 
Product terms allocated: 48 


The 7483 macro adds two 4-bit numbers using carry look-ahead logic to generate the 
internal 2-bit carry, C2, and the final carry out, C4. 


Note: The first 2-bit addition is performed as shown in the 7482 data sheet. 


Sample PDS Equivalent 


S1 =(A1 :+: B1 :+: CO) 

S2 = (A2 :+: B2 :+: ((A1 * B1) 
+ (CO * (A1 :+: B1)))) 

C2 = ((((A1 * B1) 


+ (CO* (Al :+: B1))) * (A2 :+: B2)) 


+ (A2 * B2)) 
S3 = (C2 :+: A3 :+: B3) 


S4 = (A4 :+: B4 :+: ((C2 * (A3 :+: B3)) 


+ (A3 * B3))) 
C4 = ((((C2 * (A3 :+: B3)) 


+ (A3 * B3)) * (A4 :+: B4)) + (A4 * B4)) 
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Function Table 
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7483 4-Bit Full Adder 7483 
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S2 
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S4 
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7485 4-Bit Magnitude Comparator 7485 


e Equal to, greater than, Logic Symbol Macrocell count: 7 
and less than three Array inputs: 15 
cascadable compare inputs Product terms used: 25 


Product terms allocated: 28 


Functional Descr iption 

The 7485 macro compares two 4-bit numbers, then activates one of the three outputs: A=B, 
A>B, or A<B. For cascaded 7485 macros, the least-significant stage must have the A=B input 
HIGH and the A>B and A<B inputs LOW. For intermediate stages, connect the outputs of a 
previous stage to the A=B, A>B, and A<B inputs. 


Note: 
The TTL version functions differently when more than one cascading input is HIGH or when 
all cascaded inputs are LOW. 


Sample PDS Equivalent Function Table 
Comparing 


STG32 = (/(A3 :+: B3) * (A2 :+: B2)) Comparing 


AEQBO = (AEQBI * STG32 * STG10) 
| A3,B3 | A2,B2 | A1,B1| A0,BO | A>B A<B A=B| A>B A<B A=B 


STGA2 = ((AGTBI + (A3 * /ALTBI * /B3)) 
+ (A2 */(ALTBI + (B3 * /AGTBI * /A3)) 


* /B2)) 
STGB2 = ((ALTBI + (B3 * /AGTBI * /A3)) : : : ‘ 7 : 
+ (B2 * (AGTBI + (A3 * /ALTBI * /B3)) X X X}H LE L 
ee Riored ee X X Xi} bL H L 
= (A1 :+: B1) * KAO :+: BO)) X XxX XIH L LL 
AGTBO = ((STGA2 + (A1 */STGB2 X X Xi;7btL HL 
* /B1)) + (AO * (STGB2 + (B1 X xX xX H L L 
* /STGA2 * /A1)) * /B0)) X xX X L eH L 
ALTBO = ((STGB2 + (B1 * /STGA2 H L LTH LL 
* /A1)) + (BO * (STGA2 + (A1 L H L L HL 
* STGB2 * /B1)) * /AQ)) L LH L LH 


Invalid Conditions 


A3=B3 | A2=B2 | A1=B1 
A3=B3 | A2=B2 | A1=B1 
A3=B3 | A2=B2 | A1=B1 


8—28 PALASM 4 USER'S MANUAL, SECTION III, LIBRARY REFERENCE February 1991 


7485 


4-Bit Magnitude Comparator 
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7491 


e@ Two serial-input lines 


Functional Description 


8-Bit Shift Register 


Logic Symbol 


A QH 


Macrocell count: 


Product terms used: 
Product terms allocated: 3 


— 1491 


mM © © © 


The 7491 macro is an 8-bit serial-in serial-out shift register. The serial-input stream is the 
result of logically ANDing inputs A and B. 


Sample PDS Equivalent 


X2 D=(A*B) 
X2_D.clkf = CLK 
X3 _D=X2D 
X3_D.clkf = CLK 
X4_D=X3_D 
X4_D.clkf = CLK 
X4_Q=X4_D 
X4_Q.clkf = CLK 
X6 D=X4_Q 
X6_D.clkf = CLK 
X7_D=X6_D 
X7_D.clkf = CLK 
X8 D=X7_D 
X8_D.clkf = CLK 
QH = X8_D 
QH.clkf = CLK 
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Function Table 


revious state of Q 
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7491 8-Bit Shift Register 7491 
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@ Synchronous preset 
e Dual preset inputs 


e Asynchronous reset 


Functional Description 


Macrocell count: 4 
Array inputs: 15 
Product terms used: 12 


Product terms allocated: 16 


The 7494 macro is a 4-bit serial-in serial-out shift register with asynchronous clear and 


synchronous preset logic. 


You can select either 4-bit preset value by setting one preset-enable input, PE1 or PE2, 
HIGH. If you set both HIGH, then the preset value is the OR of the two sets of data inputs. 
The preset function overrides the shift operation. 


Note: The TTL version has asynchronous preset logic. 


Sample PDS Equivalent 

M1_OUT = ((P1A * PE1) + (P2A * PE2) 
+ (/PE2* /PE1 * IN)) 

M1_OUT.clkf = CLK 

M1i_OUT.rstf = CLR 

M2_OUT = ((P1B * PE1) + (P2B * PE2) 
+ (/PE2 * /PE1 * M1_OUT)) 

M2_OUT.clkf = CLK 

M2_OUT.rstf = CLR 

M3_OUT = ((P1C * PE1) + (P2C * PE2) 
+ (/PE2 * /PE1 * M2_OUT)) 

M3_OUT.clkf = CLK 

M3_OUT.rstf = CLR 

OUT = ((P1D * PE1) + (P2D * PE2) 
+ (/PE2* /PE1 * M3_OUT)) 

OUT.clkf = CLK 

OUT rstf = CLR 


Function Table 
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e Synchronous preset Macrocell count: 5 
Array inputs: 12 
@ Asynchronous reset Product terms used: 10 


Product terms allocated: 20 
® Parallel-to-serial converter 


® Serial-to-parallel converter 


Functional Description 


The 7496 macro is a 5-bit shift register that offers access to each flip-flop’s input and output. 
The 5-bit value at inputs A — E is preloaded into the shift register on the rising-edge of CLK 
when PE is HIGH. The preset function overrides the shift operation. 


Note: 
The TTL version has asynchronous preset logic. 


Sample PDS Equivalent Function Table 


QA = ((A * PE) + (/PE * SER)) 


QA.cikf = CLK 
QA. rstf = /CLR 
QB = ((B * PE) + (/PE * QA)) 
QB.clkf = CLK 
QB. rstf = /CLR 
QC = ((C * PE) + (/PE * QB)) 
QC.clkf = CLK 
QC.rstf =/CLR 
QD = ((D * PE) + (/PE * QC)) 
QD.clkf = CLK 
QD.rstf =/CLR 
QE = ((E * PE) + (/PE * QD)) 
QE. clkf = CLK 
QE. rstf = /CLR 
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QAo to QEo = previous state of registers QA to QE 
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1BIT96 1Bit of a 7496 Shift Register 1BIT96 
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74116 4-Bit Latch w/ Clear 74116 


e Asynchronous reset Logic Symbol Macrocell count: 4 
Array inputs: 10 
Product terms used: 8 


Product terms allocated: 16 


Functional Description 
The 74116 macro is a 4-bit latch with an asynchronous reset. 


Note: The TTL version contains two 4-bit latches. 


Sample PDS Equivalent Function Table 
Q1 = ((Q1 * CLEAR * /G) + (CLEAR * GND) 
+ (CLEAR * G * D1) + (D1 * CLEAR * Q1)) 
Q2 = ((Q2 * CLEAR * /G) + (CLEAR * GND) 
+ (CLEAR * G * D2) + (D2 * CLEAR * Q2)) 
Q3 = ((Q3 * CLEAR * /G) + (CLEAR * GND) 
+ (CLEAR * G * D3) + (D3 * CLEAR * Q3)) 
Q4 = ((Q4 * CLEAR * /G) + (CLEAR * GND) 
+ (CLEAR * G * D4) + (D4 * CLEAR * Q4)) * Qo = previous state of Q 
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842 


74138 3-to-8 Line Decoder 74138 


e Active LOW outputs Logic Symbol Macrocell count: 

Array inputs: 

Product terms used: 
Product terms allocated: 3 


® Three enable inputs 


mM OQ © 


Functional Description 
The 74138 macro decodes a 3-bit binary input into a single active-LOW output. 


You can cascade these macros to implement a decoder with up to 24 outputs via the three 
enable inputs, G1, G2A, and G2B. 


sample PDS Equivalent Function Table 


yoo et/GeA "G28" ("Bs my Einputs [Outputs 
Y6 = ((G1 * /G2A * /G2B) * (C * B* /A)) 
Y5=((G1*/G2A*/G2B)*(C"/B*A)) [Enable | Select | 
Y4 = ((G1 * /G2A* /G2B)*(C*/B*/A)) [Gi G2*| c | B A| YO Y1 Y2 Y3 Y4 Y5 Y6 Y7_ 
Y3 = ((G1 * /G2A * /G2B) * (/C * B* A)) xXx H|XI1X X|1HHHHHHHH 
Y2 = ((G1 * /G2A * /G2B) * (/C * B * /A)) tL X1xXx |X X|HHHHHHHH 
Y1 =((G1 * /G2A * /G2B) * (/C */B* A)) H L{[LITL LJ] LHHHHHHH 
YO = ((G1 * /G2A * /G2B) * (/C * /B * /A)) H L}|tL YL H]}| AH LH AHH HHH 
H LILITH L]|HHLHHHHH 
H LIit{t|H H|HHHLHHHH 
H L|H|{|LL]|HHHHLHHH 
H LI|HI|LH]HHHHHLHH 
H LI|H|H L]|HHHHHHLH 
H L|H|H H|HHHHHHAHHEL 
* G2 = G2A + G2B 
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74138 3-to-8 Line Decoder 74138 
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74139 2-to-4 Line Decoder 74139 


e Enable input Logic Symbol Macrocell count: 4 
Array, inputs: 3 
Product terms used: 4 
Product terms allocated: 16 


Functional Description 


The 74139 macro decodes one of four active-LOW outputs depending on two data inputs. 
The active-LOW enable input, G, can be used as an input when decoding more output lines. 


PDS Equivalent Function Table 
Y3 =/(/G* B* A) 

Y2 = (/G* B* /A) 
Y1=/(/G* /B* A) 
YO = (/G* /B* /A) 


| BL 
X 
L 
L 
H 
H 
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74139 2-to-4 Line Decoder 74139 
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14147 10-to-4 Priority Line Encoder 14147 


Logic Symbol Macrocell count: 4 
Array inputs: 9 
Product terms used: 13 


Product terms allocated: 20 


Functional Description 


The 74147 macro generates a 4-bit BCD-output code that represents the highest-order- 
LOW data input. Priority encoding of the inputs ensures that only the highest-order 
data-input line is encoded. 


Sample PDS Equivalent Function Table 

A = ((/D1 * D2 * D4 * D6 * /(/D8 + /D9)) “Outputs _| 
+ (/D3 * D4 * D6 * (/D8 + /D9)) + (/D5 
* D6 */(/D8 + /D9)) + (/D7 *(/D8 


+ /D9)) + /D9) 

B = ((/D2 * D4 * D5 * /(/D8 + /D9)) + (/D3 
* D5 * D4 * /(/D8 + /D9)) + (/D6 * /(/D8 
+ /D9)) + (/D7 * (/D8 + /D9))) 

C = ((/D4 * /(/D8 + /D9)) + (/D5 * /(/D8 
+ /D9)) + (/D6 * (/DM8 + /D9)) + (/DM7 
* 1(/D8 + /D9))) 

D = (/D8 + /D9) 


Tm KKK OK OK OK OK KK 
Xr KKK KKK 
Lr KK KKK KT 
CTL KKK KK 
CTCL KKK KT 
ITILTIICxXxxx ry 
PITT TroeTKxKL 
pe am ian ce eS 
es ak ee ek oe ae 
5 ig gS ge RR ee Sheet Oe ea pees 
TiIIrrrerrecTcrTo 
IrrrtirrercTrctrTp» 
-inre-wreiwririti|> 
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14147 10-to-4 Priority Line Encoder 74147 
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e@ Enable input and output for 
cascading 


Functional Description 


Logic Symbol 


Macrocell count: 5 
Array inputs: 10 
Product terms used: 12 


Product terms allocated: 20 


The 74148 macro generates a 3-bit binary output code that represents the highest-order- 
LOW data input. You can use the input enable, El, and output enable, EO, to expand priority 


encoding. 


PDS Equivalent 
EO = (DO* D1 * D2* D3* D4* D5 
* D6 * /EI * D7) 
GS = (EO + El) 
AO = /((D2* /D1 * D4* D6 * /El) + (/D3 
* D4 * D6 * /El) + (/D5 * D6 * /EI) 
+ (/D7 * /El)) 
A1 =/((/D2* D4 * D5 * /El) + (/D3 * D4 
* D5 * /El) + (/D6 * /El) + (/D7 * /El)) 
A2 = /((/D4 * /El) + (/D5 * /El) + (/D6 
* /El) + (/D7 * /El)) 


Function Table 


'E1|DO D1 D2 D3 D4 D5 D6 D7|A2 A1 AO| GS E1. 


H 
L 
L | 
L 
L 
L 
L 
L 
L 
L 


xr x< 


mm KK KK OK OK OX 


x< 


Ler K KKK KK 


Trt KK KK KL XX 


Croce KKK KIX 


<I x< 


LtriotircKxK x 


ITrtrtrioierxKxxKrKX 
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74148 8-to-3 Priority Line Encoder 74148 
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74150 16-to-1 Multiplexer w/ Enable 74150 


e Enable input Logic Symbol Macrocell count: 3 
Array inputs: 23 
® Inverted outputs Product terms used: 17 


Product terms allocated: 20 


Functional Description 


The 74150 macro decodes four data-input lines to select one of 16 data sources. The enable 
input, G, must be LOW to enable the Y output. 


Sample PDS Equivalent Function Table 
LOW = ((E7*A*B*C* (/D*/G)) + (E6*/A [Inputs sid 
*B*C* (/D*/G)) +(E5*A*/B*C*(/D : Outputs: 
*/G)) + (E4*/A*/B* C* (/D*/G)) + (E3 | Select [Strobe] 
*A*B*/C* (/D* /G)) + (E2*/A*B*/C DCBA/] G{eY | 
* (/D* /G)) + (E1*A*/B*/C* (/D* /G)) H 
+ (E0*/A*/B*/C* (/D */G))) EO 
HIGH = ((E15*A*B*C*(D*/G)) +(E14*/A EI 
*B*C*(D*/G)) +(E13*A*/B*C*(D = 
*/G)) + (E12* /A* /B* C*(D*/G)) + (E11 = 
*A*B*/C*(D*/G)) +(E10*/A*B*/C ES 
*(D*/G)) + (E9* A* /B* /C* (D*/G)) + (E8 EG 
*/A*/B*/C* (D*/G))) E7 
Y = (LOW + HIGH) Eg 
E9 
E10 


Lkabkf eer Lalor Cer KIO 
Li rrLaerer leer LS Toe KIS 
Dreteteretrtreitirstwereiaierx<i> 
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74150 16-to-1 Multiplexer w/ Enable 74150 
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74151 8-to-1 Multiplexer w/ Enable 74151 


e Enable input Logic Symbol Macrocell count: 1 
Array inputs: 12 
Product terms used: 8 


Product terms allocated: 8 


Functional Description 


The 74151 macro decodes three data-input lines to select one of eight data sources. The 
enable input, G, must be LOW to enable the Y output. 


Sample PDS Equivalent Function Table 

Y =((D7*A*B*C*/G)+(D6*/A*B*C*/G) 
+(D5*A*/B* C*/G) +(D4*/A*/B* C*/G) 
+(D3*A*B*/C*/G) +(D2*/A*B*/C*/G) 
+(D1*A*/B*/C*/G) + (DO* /A*/B* /C */G)) 


imate See ana oe ee eee Gl a 


Lainreretwtlirr x 
Irreitretreiir x 


X 
L 
L 
L 
L 
H 
H 
H 
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74151 _8-to-1 Multiplexer w/ Enable 74151 
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74153 Dual 4-to-1 Multiplexer w/ Enable 74153 


@ Individual enable inputs Logic Symbol Macrocell count: 2 
Array inputs: 12 
® Common data-select inputs Product terms used: 8 


Product terms allocated: 8 


Functional Description 


The 74153 macro consists of two 4-to-1 multiplexers with common data-select lines. 
Each 4-to-1 multiplexer has an active LOW strobe input line to enable the output. 


Sample PDS Equivalent Function Table 
Y1 = ((CO*/B*/A * /G1) + (C1*/B*A* /G1) 
+(C2*B*/A* /G1) + (C3* B* A */G1)) 
Y2 = ((DO * /B* /A* /G2) + (D1 */B* A* /G2) 
+ (D2* /A* B* /G2) + (D3 * A* B * /G2)) 


i 
® 
2 
oO 
© 
Hy 


TrrTwTIrTerereesrx 
Lirnrmtirr x< 
KK KK XK KI xX 
<x KK KI KK xX 
MK KK KK 
Xr KK OK OK OK OK OK 
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Dual 4-to-1 Multiplexer w/ Enable 
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74153 


74154 4-to-16 Line Decoder 


8-56 


e Active LOW outputs Logic Symbol 


@ Two enable inputs 


Functional Description 


74154 


Macrocell count: 16 
Array inputs: 6 
Product terms used: 16 


Product terms allocated: 64 


The 74154 macro decodes four data-input lines to select one of 16 active LOW outputs. You 
can use the enable inputs, G1 and G2, to cascade multiple macros. 


Function Table 
| Inputs Outputs 


Select 
| G1 G2 


o 
© 


LIC Ler rele r Lee x I 
Gece wrecweewecwtririwex<xl|pP 


X 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


Cee e errr cere x< 
ee AS AG a A PGP 0 pd seal aa ae ml pe amma 
IrTrIecercer LIL IOK Ke KK 
a ape LG GR se AA NED A ME GP GD A Ol aa Gh 
Wee xe Wook oe a ee 
fs 8 gs OC a oD AO ea Se GAP Kg SD Gl ag CE SGD 
iS pe Gago pe Gi GS ig aha os OS | ae ee lg He 
Hs Hip RD sD Sp A I ED CH am RS ES SG 

eK Sik es RS i Sipe ips mil We, gas me ll ges ees a 
ges Ae GS CI EGS GR ES Hl ase i ee PS es 
LESTE LT Er LETT LTT 
dea io ook oe oP cal. oe ok oe 


Sample PDS Equivalent 


LoL Lia ae 


YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11 Y12 Y13 Y14 Y15 


fo em GA DG CO Oi gegen Gl ee a Kip ES ae pm ee ea ce 
Pe gS LS FO BG pes RE SR sng GAS Ha 
Liter LETC EL LE Le rr 
os Ge Uy rage iD RiGee AG Mi Ci Ge I pe eG eR 
he ry a os ds oe i cd ha Sg ck ok 
Limes Bie Iss RR! CA: em Migs Gd Gees Cl GS ge Cs NE OD A 


Y7 = ((/D * (/G1 */G2) * (/G1* 133) : (C *BtA)) Y15=((D* (/G1 */G2)* (/G1*/G2))*(C* B*A)) 


Y6 = ((/D * (/G1 * /G2) * (/G1 * /G2) 


C*B*/A)) Y14=((D* (/G1 */G2) * (/G1 * /G2)) * (C * B*/A)) 


Y5 = ((/D * (/G1 * /G2) * (/G1*/G2))*(C*/B*A)) Y13=((D* (/G1 */G2)* (/G1 * /G2)) * (C * /B* A)) 
¥4 = ((/D * (/G1 * /G2) * (/G1*/G2))*(C*/B*/A)) Y12=((D* (/G1 * /G2) * (/G1 * /G2)) * (C * /B * /A)) 
¥3 = ((/D * (/G1 */G2) * (/G1*/G2))*(/C*B*A)) Y11=((D* (/G1 */G2)* (/G1 * /G2))* /C *B* A)) 
Y2 = (/D * (/G1 * /G2) * (/G1 * /G2))* (/C* B* ‘A) Y10 =((D * (/G1 * /G2) * (/G1 * /G2)) * (/C * B*/A)) 


Y¥1=((/D* (/G1 * /G2) * (/G1 * /G2)) * (/C */B* 
YO = ((/D * (/G1 * /G2) * (/G1 * /G2))* (/C*/B*/A)) Y8=((D* 


Y9 = ((D* (/G1 * /G2)* (/G1*/G2))"(/C */B*A 
Ht ne 162)" VGH 162) * 16 /B* IA}) 
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74157 Quad 2-to-1 Multiplexer 74157 


e Enable input Logic Symbol Macrocell count: 4 
Array inputs: 10 
Product terms used: 8 
Product terms allocated: 16 


Functional Description 


The 74157 macro selects one of two 4-bit words based on the level of the select line, SEL. 
The enable input, G, must be LOW to enable the output lines. When G is HIGH, all the 
outputs are forced LOW regardless of the inputs. 


Sample PDS Equivalent Function Table 


Y1 =((A1* (/G* /SEL)) + (B1 * (/G * SEL))) [inputs | Outputs __ 
Y 


Y2 = ((A2 * (/G * /SEL)) + (B2 * (/G * SEL))) 


Y3 = ((A3 * (/G * /SEL)) + (B3 * (/G * SEL))) |G | SEL | Y1 Y2 Y3 Y4 
Y4 = ((A4 * (/G* /SEL)) + (B4 * (/G * SEL))) H | X L-LeUL 
L L | Al A2 A3 A4 
L | H Bi B2 B3 B4 
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14157 Quad 2-to-1 Multiplexer 74157 
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74158 Quad 2-to-1 Multiplexer 


e Enable input Logic Symbol 


® Inverted outputs 


Functional Description 


Macrocell count: 4 
Array inputs: 10 
Product terms used: 8 


Product terms allocated: 16 


The 74158 macro selects one of two 4-bit words based on the level of the select line, SEL. 
The enable input, G, must be LOW to enable the output lines. When G is HIGH, all the 


outputs are forced HIGH regardless of the inputs. 


Sample PDS Equivalent 

Y1 =/((A1 * (/G* /SEL)) + (B1 * (/G * SEL))) 
Y2 =/((A2* (/G* /SEL)) + (B2 * (/G * SEL))) 
Y3 = /((A3* (/G * /SEL)) + (B3 * (/G * SEL))) 
Y4 =/((A4* (/G* /SEL)) + (B4 * (/G * SEL))) 


PALASM 4 USER'S MANUAL, SECTION Ili, LIBRARY REFERENCE 


Function Table 


|G | sev | v1 y2 v3 y4_ 


H X H H H H 
L L /A1 /A2 /A3 /A4 
L H /B1 /B2 /B3 /B4 


74158 
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74158 Quad 2-to-1 Multiplexer ; 741 58 
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74162 4-Bit BCD/Decade Counter w/ Synchronous Reset 74162 


8-62 


e Synchronous load 
® Synchronous reset 
e Carry look-ahead output 


® Two enable inputs 


Functional Description 


Logic Symbol Macrocell count: 5 
Array inputs: 12 
Product terms used: 18 


Product terms allocated: 24 


The 74162 macro is a 4-bit BCD loadable up counter with synchronous reset logic. The 
enable input lines, ENP and ENT, and the ripple carry-out line, RCO, allow for multiple 
macros to be cascaded. RCO goes HIGH when the maximum count, 9, has been reached 
and ENT is HIGH. To enable and increment the counter value, you feed the RCO output to 
the ENP and ENT inputs of the next counter stage. QD is the most significant counter bit. 


Sample PDS Equivalent 
QA.T = ((/CLR * QA) + (CLR 

* (LOAD * /A * QA) + (CLR 

* /LOAD * /QA * A) +(CLR 

* ENP * LOAD * ENT)) 
QA.clkf = CLK 
QB.T = ((/CLR * QB) + ((CLR 

* ENP * LOAD * ENT) *QA 

* /QD) + (CLR * /LOAD * /B 

* QB) + (CLR * /LOAD * /QB * B)) 
QB.clkf = CLK 
QC.T = ((/CLR* QC) + (CLR 

* /LOAD * /C * QC) + (CLR 

* LOAD * /QC * C) + (CLR 

* QB * QA* (CLR* ENP 

* LOAD * ENT))) 
QC.clkf = CLK 
QD.T = ((/CLR * QD) + ((CLR 

* ENP * LOAD * ENT) * QA 

* QD) + ((CLR * ENP * LOAD 

* ENT) * QC * QB * QA) 

+ (CLR * /LOAD * /D * QD) 

+ (CLR * /LOAD * /QD * D)) 
QD.clkf = CLK 


RCO = (QD * /QC * /QB * QA * ENT) 
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Function Table 


CLK CLR LOAD ENP ENT] QD QC QB QA 
L xXx xX xX 


L LE LL 


DC B A 
Count Up 
QD QC QB QA 
QD QC QB QA 


* The RCO is HIGH when the counter output is 9 and ENT is HIGH. 
Otherwise, it stays LOW. 


February 1991 


74163 4-Bit Binary Counter w/ Synchronous Reset 74163 
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@ Synchronous 4-bit binary- 
loadable up counter 


® Synchronous reset 


® Carry look-ahead output for 
making wider counters 


Functional Description 


Logic Symbol Macrocell count: 5 
Array inputs: 12 
Product terms used: 17 


Product terms allocated: 20 


The 74163 macro is a 4-bit binary-loadable up counter with synchronous reset logic. The 
enable input lines, ENP and ENT, and the ripple carry-out line, RCO, allow for multiple 
macros to be cascaded. RCO goes HIGH when the maximum count of 15 has been reached 
and ENT is HIGH. To enable and increment the counter value, you feed the RCO output to 
the ENP and ENT inputs of the next counter stage. QD is the most significant counter bit. 


Sample PDS Equivalent 
QA.T = ((/CLR * QA) + (CLR * /LOAD 
* /A* QA) + (CLR * /LOAD * /QA 
* A) + (CLR * ENP * LOAD * ENT)) 

QA.clkf = CLK 

QB.T = ((/CLR * QB) + (CLR * /LOAD 
* /B* QB) + (CLR * /LOAD * /QB 
* B) + (CLR * QA * (CLR * ENP 
* LOAD * ENT))) 

QB.clkf = CLK 

QC.T = ((/CLR * QC) + (CLR * /LOAD 
*/C * QC) + (CLR * /LOAD * /QC 
*C) + (CLR * QB* QA* (CLR * ENP 
* LOAD * ENT))) 

QC.clkf = CLK 

QD.T = ((/CLR * QD) + (CLR * /LOAD 
*/D * QD) + (CLR * /LOAD * /QD 
*D) +(CLR* QC *QB*QA* (CLR 
* ENP * LOAD * ENT))) 

QD.clkf = CLK 

RCO = (QD * QC * QB * QA* ENT) 
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Function Table 


|Mode| CLK CLR Load ENP ENT | QD QC QB QA 


QD QC QB QA 
a oe a 


DC BA 
Count Up 
QD QC QB QA 
QD QC QB QA 


* The RCO is HIGH when the counter output is 15 and ENT is HIGH. 
Otherwise, it stays LOW. 
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74164 8-Bit Serial-In Parallel-Out Shift Register 74164 


e Synchronous reset 


© ANDed serial inputs 


Functional Description 


Logic Symbol Macrocell count: 8 
Array inputs: 10 
Product terms used: 8 


Product terms allocated: 32 


The 74164 macro is an 8-bit serial-in parallel-out shift register with synchronous reset. The 


two serial inputs, A and B, are logically ANDed. 


Note: 
The TTL version has asynchronous reset logic. 


Sample PDS Equivalent Function Table 
QA = (B*A* CLR) 


QA.clkf = CLK 
QB = (CLR * QA) 
QB.clkf = CLK 
QC = (CLR * QB) 
QC.clkf = CLK 
QD = (CLR * QC) 
QD.clkf = CLK 
QE = (CLR * QD) 
QE.clkf = CLK 
QF = (CLR * QE) 
QF..clkf = CLK 
QG = (CLR * QF) 
QG.clkf = CLK 
QH = (CLR * QG) 
QH.clkf = CLK 
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Outputs 
CLR QA QB QC QD QE QF QG QH 
QAo QBo QCo QDo QEo QFo QGo QHo 
L bL cL bcLebLebcb kL L 
H QAn QBn QCn QDn QEn QFn QGn 
L QAn QBn QCn QDn QEn QFn QGn 
L QAn QBn QCn QDn QEn QFn QGn 


* QAo to QHo = previous state of QA to QH 
QAn to QGn = level of QA to QG before the most recent rising transition 
of the CLK, and indicates a 1-bit shift. 


Cc 


LK 
L 
T 
T 
T 
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e Synchronous load Logic Symbol Macrocell count: 8 
Array inputs: 19 
Product terms used: 24 
Product terms allocated: 32 


@ Shift inhibit 


Functional Description 


The 74165 macro is an 8-bit parallel-in serial-out shift register. To synchronously load the 
registers, you set the SHIFT input LOW. Setting the inhibit input, CLKINH, HIGH inhibits 
shifting and the registers retain their current values. A parallel-load operation overrides the 
inhibit function. 


Note: 
The TTL version has two clock lines and asynchronous load logic. 


Function Table 


| Inputs Outputs / Internal Registers 
SHIFT INH CLK SER 
L X T 


E 
X a bc def gi ih 
X 
X 
L 
H 


Ao QBo QCo QDo QEo QFo QGo QHo 


Q 

QAo QBo QCo QDo QEo QFo QGo QHo 
L QAo QBo QCo QDo QEo QFo QGo 
H QAo QBo QCo QDo QEo QFo QGo 

X QAo QBo QCo QDo QEo QFo QGo QHo 


* QAo to QHo = previous state of registers QA to QH 


Sample PDS Equivalent 


iv BE eon ae ae” + (SHIFT * /CLKINH * SER) + (SHIFT * CLKINH * M1_REGOUT)) 
.CIKT = 
E = ( * /SHIFT) + (SHIFT * /CLKINH * M1_REGOUT) + (SHIFT *° CLKINH * M2_REGOUT)) 
M2_REGOUT.clkf = CLK 
ve ece : Kc oe + (SHIFT * /CLKINH * M2_REGOUT) + (SHIFT * CLKINH * M3_ REGOUT)) 
Cc 
ws ne eeae z { D oe + (SHIFT * /CLKINH * M3_REGOUT) + (SHIFT * CLKINH * M4_REGOUT)) 
CIKi = 
= ((e * /SHIFT) + (SHIFT * /CLKINH * M4_REGOUT) + (SHIFT * CLKINH * M8_REGOUT)) 
M8 _REGOUT.clkf = CLK 
= (F * /SHIFT) + (SHIFT * /CLKINH * M8_REGOUT) + (SHIFT * CLKINH * M5. REGOUT)) 
M5_REGOUT.clkf = CLK 
yee eal : { G one. + (SHIFT * /CLKINH * MS5_REGOUT) + (SHIFT * CLKINH * M6_REGOUT)) 
.CIKT = 
cae (a coe + (SHIFT * /CLKINH * M6_REGOUT) + (SHIFT * CLKINH * QH)) 
.CIK[ = 


= 
NO 
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G) 
eo) 
| aes 
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74166 _8-Bit Parallel-In Serial-Out Shift Register 74166 


e Parallel synchronous load Logic Symbol Macrocell count: 8 
Array inputs: 20 
® Synchronous reset Product terms used: 24 


Product terms allocated: 32 


Functional Description 


The 74166 macro is an 8-bit parallel-in serial-out shift register with synchronous reset. To 
load the registers, you set the SHIFT input LOW and apply a rising-edge clock. Setting the 
inhibit input, CLKINH, HIGH inhibits shifting and the registers retain their current values. 


Note: 
The TTL version has asynchronous reset logic. 


Function Table 


SHIFT INH CLK CLR SER 
x 


| Internal Outputs 


QAi QBi QCi QDI QEi QFi QGi QHi 


QAo QBo QCo QDo QEo QFo QGo QHo 
EE Jb &. cE otk or CU 
QAo QBo QCo QDo QEo QFo QGo QHo 
a bec def giioih 

L QAn QBn QCn QDn QEn QFn QGn 
H QAn QBn QCn QDn QEn QFn QGn 
QAo QBo QCo QDo QEo QFo QGo QHo 


E 
X 
X 
X 
X 
L 
H 


B 
X 
X 
X 
b 
X 
X 
X 


Ireee-rezhe xX 
SS eS ee 
ITT wrIxKerere 
<x «KX «KO KK KIO 
<x<K«KaAxKK KIO 
<x «KK OD KK KIM 


X 
X 
L 
H 
H 
X X 


* QAo to QHo = previous state of QA to QH 
QAn to QGn = level of QA to QG before the most recent rising transition of the CLK, and indicates a 1-bit shift. 


Sample PDS Equivalent 
ND_A = (CLR * SER * /CLKINH * SHIFT) + (CLR * A * /CLKINH * /SHIFT) + (CLR * CLKINH * ND_A)) 


e (CLR ND_A */CLKINH * SHIFT) + (CLR * B * /CLKINH * /SHIFT) + (CLR * CLKINH * ND_B)) 
ee */CLKINH * SHIFT) + (CLR * C * /CLKINH * /SHIFT) + (CLR * CLKINH * ND_C)) 
ee * /CLKINH * SHIFT) + (CLR * D * /CLKINH * /SHIFT) + (CLR * CLKINH * ND_D)) 
ohne */CLKINH * SHIFT) + (CLR * E * /CLKINH * /SHIFT) + (CLR * CLKINH * ND_E)) 
i ae * /CLKINH * SHIFT) + (CLR * F * /CLKINH * /SHIFT) + (CLR * CLKINH * ND_F)) 

LR * ND_F * /CLKINH * SHIFT) + (CLR * G * /CLKINH * /SHIFT) + (CLR * CLKINH * ND_G)) 
| LR ND _G * /CLKINH * SHIFT) + (CLR * H * /CLKINH * /SHIFT) + (CLR * CLKINH * QH)) 


Z2z2z 
ai tha 
wo> 


zz 

09 
onrarnraQait dad 

Km Kan Ke 


zz 


zz 


00900000 
n= Se A 


x 
On On 
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74192 4-Bit Up/Down BCD Counter 74192 


e Synchronous load Logic Symbol Macrocell count: 6 
Array inputs: 12 
e Asynchronous reset Product terms used: 22 


Product terms allocated: 36 
® Carry- and borrow-out 
signals for expansion 


Functional Description 


The 74192 macro is a 4-bit up/down BCD counter with synchronous parallel load and 
asynchronous reset logic. You can select an increasing or decreasing count sequence by 
setting either the UP or DN control input HIGH. An active-LOW borrow signal, BO, is 
generated when the count is zero and DN is HIGH. An active-LOW carry signal, CO, is 
generated when the count is 9 and UP is HIGH. 


Note: 
The TTL version has asynchronous parallel-load logic and uses the UP and DN inputs as 
two independent clock lines to control the direction of the count sequence. 


Function Table 
CLK CLR LOAD UP DN QA 28 ae -. BO CO 


L 
a 


‘ c 
Count Up 
Count Down 


Hold Count 
Hold Count 


x KK KK KO KIO 
xxK KKK KO KIO 


X 
X 
L 
H 
E 
H 
L 
H ‘ 


xx «KKK KD KID 
<x «KKK KK oO 
<xx<M Ir TL xX 


Sample PDS Equivalent 


BO = ((DN * /UP) * /QA * /QB * /QC * /QD) 
= ((/DN * UP) * QA */QB * /QC * QD) 

QD. T= (((DN */UP) * /QA * LOAD * /QB * /QC) + ((/DN * UP) * QA * LOAD * QB * QC) + ((/DN * UP) * LOAD * QA 

* /QB * oe oo) + (/LOAD * (D :+: QD))) 

QD.clkf = 

ee Su GLA 

a Lr ries + QC) * LOAD * (DN * /UP) * /QB * /QA) + (LOAD * (/DN * UP) * /QD * QB * QA) + (/LOAD * (C :+: QC))) 
Cc 

QC. rstf = CLR 

See T = (( Oe /QC * /QB) * (DN * /UP) * LOAD * /QA) + (/QD * (/DN * UP) * LOAD * QA) + (/LOAD * (B :+: QB))) 


QB. te CLR 

QA.T = ((LOAD * (DN * /UP)) + (LOAD * (/DN * UP)) + (/LOAD * (A :+: QA))) 
QA.clkf = CLK 

QA. rstf = CLR 
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74193 4-Bit Up/Down Binary Counter 74193 


e Synchronous load Logic Symbol Macrocell count: 6 
Array inputs: 12 
® Carry- and borrow-out signals Product terms used: 18 


Product terms allocated: 24 


Functional Description 


The 74193 macro is a 4-bit up/down binary counter with synchronous load and asynchronous 
reset logic. You can select an increasing or decreasing count sequence by setting either the 
UP or DN control input HIGH. An active-LOW borrow signal BO is generated when the count 
is zero and DN is HIGH. An active-LOW carry signal, CO, is generated when the count is 9 
and UP is HIGH. A load operation overrides the count function. 


Note: 
The TTL version has asynchronous parallel-load logic and uses the UP and DN inputs as two 
independent clock lines to control the direction of the count sequence. 


Function Table 


po Inputs | tpt 


xX X X X X L L #H 
» 4 abcd a ; X Xx 
L X X X X Count Up H H 
H X X X X Count Down H H 
L X X X X H L 
H X X X X L H 
L X X X X Hold Count X XxX 
H X X X X Hold Count X xX 


Sample PDS Equivalent 


BO = ((DN * /UP) * /QA * 108 * (QC * 100) 

CO = ((/DN * UP) * QA * OB * QD) 

QD.T = (((DN * /UP) * /QA * LOAD *7 */QC) + ((/DN * UP) * QA * LOAD * QB * QC) + (/LOAD * (D :+: QD))) 
QD.clkf = CLK 

QD.rsif = CLR 

Saale (DN * /UP) * /QB * /QA) + (LOAD * (/DN * UP) * QB * QA) + (LOAD * (C :+: QC))) 


QC.rs 
epee /UP) * LOAD * /QA) + ((/DN * UP) * LOAD * QA) + (/LOAD * (B :+: QB))) 
QB. rstf = C 
erate (LORD (DN * /UP)) + (LOAD * (/DN * UP)) + (/LOAD * (A :+: QA))) 

clk 
QA. atc - 6th 
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74194 4-Bit Bidirectional Universal Shift Register 74194 


e Parallel-to-serial converter Logic Symbol Macrocell count: 4 
Array inputs: 13 
® Serial-to-parallel converter Product terms used: 16 


Product terms allocated: 16 
® Synchronous reset 


® Synchronous loading 


Functional Description 


The 74194 macro is a 4-bit bidirectional universal shift register with synchronous reset logic. 
Two control lines, S1 and SO, select one of four modes of operation: 


® Parallel load of four data inputs 

® Right shift (in the direction QA to QD) 
® Left shift (in the direction QD to QA) 
® Data latch/hold register values 


All operations are performed at the rising edge of CLK. 


Note: 
The TTL version has asynchronous reset logic. 


Sample PDS Equivalent Function Table 

QA = ((CLR* SR*/S1 * SO) + (CLR [Outputs sid 
*QB*S1*/SO) +(CLR*S1* SO 

enn? (CARS 1" 180° GA) ener 

QB = ((CLR* QA*/S1* SO) + (CLR QA_ QB QC _ aD 


QAo QBo QCo QDo 
L L L L 
QAo QBo QCo QDo 
L QAn QBn QCn 
H QAn QBn QCn 
QBn QCn QDn L 
QBn QCn QDn H 
a b Cc d 


*QC * S1 * /SO) + (CLR* S1* SO 
* B) + (CLR * /S1 * /SO * QB)) 
QB.clkf = CLK 
QC = (CLR * QB * /S1* SO) + (CLR 
*QD* S1 */SO) + (CLR * S1° SO 
7 a + (CLR * /S1 * /SO0* QC)) 
QC.cikf = CLK 
QD = ((CLR * QC * /S1 * mr +(CLR 
: Be . tere: (CLR * 1* SO 
QD.c na CLK ee) * QAo to QDo = previous state of QA to QD 
QAn to QDn = level of QA to QD before the most recent rising 
transition of the CLK, and indicates a 1-bit shift. 


ML KKK OK OK 
MM KD KK XK 


X 
L 
H 
H 
H 
H 
H 
H 


PALASM 4 USER'S MANUAL, SECTION Ill, LIBRARY REFERENCE February 1991 


74194 


4-Bit Bidirectional Universal Shift Register 
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1BIT194 


1Bit of a 74194 Shift Register 


SLIN 
DATA 
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74240 Octal Inverting Buffers w/ 3-State Outputs 74240 


e Two enable inputs Logic Symbol Macrocell count: 8 
Array inputs: 10 
Product terms used: 8 


Product terms allocated: 32 


Functional Description 


The 74240 macro contains two groups of four inverting buffers. Each group is enabled by 
an active-LOW input control line. 


Sample PDS 

Equivalent Function Table 
Y1.trst = /G1 
Y2.trst = /G1 
Y3.trst = /G1 
Y4.trst = /G1 
X1.trst = /G2 
X2.trst = /G2 
X3.trst = /G2 
X4.trst = /G2 
Y1=Al 

Y2 = A2 

Y3 = A3 

Y4 = A4 
X1=B1 

X2 = B2 

X3 = B3 

X4 = B4 


G1 A1 A2 A3 A4| G2 Bi B2 B3 B4| Y1 Y2 Y3 Y4 | X1 X2 X3 X4 | 


L LLL LYJtLtL LL LYH HH HAH 
H X X X X H Z22Z222 
LLHHL L H L LH 


H H H 
H H L HL 
H H ZZ2 


L 
H 


L 
H 
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74244 Octal Non-Inverting Buffers w/ 3-State Outputs 74244 


@ Two enable inputs Logic Symbol Macrocell count: 


8-86 


® 3-state outputs 


Array inputs: 
Product terms used: 


Functional Description 


The 74244 macro contains two groups of four non-inverting buffers. Each group is enabled 
by an active-LOW input control line. 


Sample PDS 


Equivalent 
Y1.trst = /G1 
Y2.trst = /G1 
Y3.trst = /G1 
Y4.trst =/G1 
X1.trst = /G2 
X2.trst = /G2 
X3.trst = /G2 
X4.trst = /G2 
Y1=Atl 
Y2=A2 

Y3 = A3 
Y4=A4 
X1=B1 

X2 = B2 

X3 = B3 

X4 = B4 


Function Table 


8 
10 
8 


Product terms allocated: 32 
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74245 


8-38 


@ Enable input 


Functional Description 


The 74245 macro implements an 8-bit bus transceiver. You can transmit data from bus A 
to bus B or from bus B to bus A. The data-transfer direction is controlled by the DIR control 
line. If the enable input, G, is set HIGH, then the buses are disabled and isolated. 


Sample PDS Equivalent 


B1.trst = (DIR * /G) 
A1.trst = (/G * /DIR) 
B2.trst = (DIR * /G) 
A2.trst = (/G * /DIR) 
B3.trst = (DIR * /G) 
A3.trst = (/G * /DIR) 
B4.trst = (DIR * /G) 
A4.trst = (/G * /DIR) 
B5.trst = (DIR * /G) 
AS.trst = (/G * /DIR) 
B6.trst = (DIR * /G) 
A6.trst = (/G * /DIR) 
B7.trst = (DIR * /G) 
A7.trst = (/G * /DIR) 
B8.trst = (DIR * /G) 
A8.trst = (/G * /DIR) 


B1=Al 
A1=B1 
B2 = A2 
A2 = B2 
B3 = A3 
A3 = B3 
B4 = A4 
A4 = B4 
B5 = AS 
A5 = BS 
B6 = A6 
A6 = B6 
B7 = A7 
A7 = B7 
B8 = A8 
A8 = B8 


Logic Symbol 


Octal Bus Transceivers w/ 3-State Outputs 


Macrocell count: 
Array inputs: 
Product terms used: 


74245 


16 


Product terms allocated: 64 


Function Table 


Bus B Data to Bus A 
Bus A Data to Bus B 
Buses Isolated 
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Octal Bus Transceivers w/ 3-State Outputs 
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74259 8-Bit Addressable Latch 74259 


e Four modes of operation Logic Symbol Macrocell count: 16 
Array inputs: 14 
® Asynchronous reset Product terms used: 16 


Product terms allocated: 64 


Functional Description 


The 74259 macro is an 8-bit addressable latch with asynchronous reset logic. The following 
four modes of operation are selectable via the CLR and G inputs. 


° Addressable latch 
Data on the D input line is written to the latch addressed by the three select lines: S2, $1, 


and SO. The other latches retain their values. 


e Memory 
The latch outputs do not change. 


° Active-HIGH 3-to-8 demultiplexer 
The addressed latch output follows the data input while the other latch outputs are held 


LOW. 


e Reset 
All latch outputs are set LOW regardless of the value on the select and data-input lines. 


Sample PDS Equivalent Function Table 
Q7 = (((S2 * S1 * SO) * /G* D) +((S2* $1 

* SO) * CLR *Q7) + (CLR *Q7* G) + (Q7 

etoile, lanl Eames) Mn 

+((S2*S1* /SO) * oe Q6)+(CLR*Q6 {CLR Latch |Latches 

” G) + (Q6 * CLR * Adressable Latch 

: oo =e Memory 
8-line demultiplexer 

Reset 


Q5 = (((S2 * /S1 * $0)" /G * D) + ((S2*/S1 
* $0) * CLR * QS) + (CLR * Q5 * G) + (Q5 
“CLR *D)) Q4 = (((S2 * /S1 * /SO) */G 
* D) + ((S2 * /S1 * /S0) * CLR * Q4) + (CLR 
* Q4 * G) + (Q4 * CLR * D)) * Qo = previous state of latch output Q 
Q3 = (((/S2 * S1* SO) */G* D) + (/(/S2* St D = data input D 
* SO) * CLR * Q3) + (CLR * Q3 * G) + (Q3 
“CLR* D)) Q2 = (((/S2 * S1 * /SO) */G 
* D) + ((/S2 * S1 * /S0) * CLR * Q2) + (CLR 
* Q2 * G) + (Q2 * CLR * D)) 
Q1 =(((/S2*/S1* S0)*/G* D) + ((/S2*/S1 
* $0) * CLR * Q1) + (CLR * Q1 * G)+(Q1* CLR 
*D)) QO = (((/S2*/S1 * /S0) */G* D) + ((/S2 
* /S1* /S0)* CLR * QO) + (CLR * QO * G) + (QO 
* CLR * D)) 


8-90 


PALASM 4 USER'S MANUAL, SECTION Il, LIBRARY REFERENCE February 1991 


8-Bit Addressable Latch 74259 


74259 


sO 


LO 


od 


oe < 
6SCLIGL 
Wd 
>>) 
Oo 13s 
a 
6S2.LIGL ei== 
L- Ble) 
P55 ES 
aL ____] 
—_——+—4 | 
aes 
aa 
eas ik 


0 
| 
my 
”) 


8-91 


CHAPTER 8, MACRO AND SCHEMATIC DATASHEETS 


February 1991 


1BIT259 1Bit of a 74259 Latch 1BIT259 
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74273 


8-94 


Octal D-Type Flip-Flops 74273 


e Asynchronous reset Logic Symbol Macrocell count: 


Product terms used: 


8 
Array inputs: 9 
8 
Product terms allocated: 32 


Functional Description 
The 74273 macro is an octal D-FF bank with asynchronous reset logic. 


Sample PDS Equivalent Function Table 


Qi=D1 
Q1.clkf = CLK 
Q1.rstf =/CLR 
Q2 = D2 
Q2.clkf = CLK 
Q2.rstf =/CLR 
Q3 = D3 
Q3.clkf = CLK 
Q3 rstf =/CLR 
Q4 = D4 
Q4.clkf = CLK 
Q4_rstf =/CLR 
Q5 = D5 
Q5.clkf = CLK 
Q5.rstf = /CLR 
Q6 = D6 
Q6.clkf = CLK 
Q6.rstf = /CLR 
Q7 =D7 
Q7.clkf = CLK 
Q7.rstf = /CLR 
Q8 = D8 
Q8.clkf = CLK 
Q8 .rstf = /CLR 


|_Inputs _| Outputs 
FCLR|CLK| D| Q 


L X | X L 
H T L L 
H T H H 
H L | X Qo 


* Qo = previous state of Q 
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74280 9-Bit Parity Generator/Checker 74280 


e Active-HIGH output Logic Symbol Macrocell count: 4 
Array inputs: 12 
Product terms used: 16 


Product terms allocated: 16 


A 
B 
C 
D 
E 
F 
G 
H 
| 


Functional Description 


The 74280 macro is a combinatorial circuit that generates or checks for even parity on 
nine data lines. Odd parity is obtained by taking the inversion of the EVEN parity output. 


Sample PDS Equivalent Function Table 
ABC = (A :+: B :+: C) 

DEF =(D :+: E :+: F) 

EVEN =/(ABC :+: DEF :+: GHl) 
GHI = (G :+: H :4: 1) 
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74298 Quad 2-to-1 Multiplexer with Storage 74298 


8-98 


e Synchronous storage Logic Symbol Macrocell count: 8 
| Array inputs: 21 
Product terms used: 32 


Product terms allocated: 32 


Functional Description 


The 74298 macro selects one of two 4-bit words and stores each bit in a register on the 
rising edge of CLK. 


Sample PDS Equivalent Function Table 
QA = ((A1 * /WS) + (A2* WS)) 
QA.clkf = CLK 

QB = ((B1 * /WS) + (B2 * WS)) 
QB.clkf = CLK QAo QBo QCo QDo 
QC = ((C1 * WS) + (C2 * WS)) Ai Bi C1 ODt1 
QC.clkf = CLK A2 B2 C2 D2 
QD = ((D1 * WS) + (D2 * WS)) 

QD.clkf = CLK 
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74298 Quad 2-to-1 Multiplexer w/ Storage 74298 


fsen #2 
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74299X 8-Bit Bidirectional Universal Shift Register 74299X 


e Parallel-to-serial converter Logic Symbol Macrocell count: 8 
Array inputs: 21 
Product terms used: 32 
Product terms allocated: 32 


CO) 
D 
O 
> 


® Serial-to-parallel converter 
® Synchronous reset 


® Synchronous loading 


QOmMOOWD>D> 
2B 8RS8e 


OL 


Functional Description 


The 74299X macro is composed of two 74194s connected to form an 8-bit bidirectional 
universal shift register with synchronous reset logic. 


Note: 
The TTL version has three-state bidirectional I/Os that serve as the parallel-load inputs 
as well as the Q outputs. 


Sample PDS Equivalent Function Table 


QA = ((CLR * SR */S1 * SO) + (CLR * QB * 1 */S0) 
+ (CLR *S1°S0* A) + (CLR */S1 * /SO *QA)) 

QA.clkf = CLK 

QB = ((CLR * QA */S1 * S0) + (CLR * QC * $1 */S0) 
+ (CLR * S1*S0* B) + (CLR */S1 * /SO * QB)) 


QB.clkf = CLK QAo QBo QCo QDo 
QC = ((CLR * QB */S1 * SO) + (CLR * QD * $1 * /SO) L L L L L 
+ (CLR* S1*S0* C) + (CLR */S1 * /SO* QC)) QAo QBo QCo QDo 
QC.clkf = CLK 
QD = ((CLR * QC */S1 * SO) + (CLR * QE *S1 */S0) L QAn QBn QCn 
+(CLR *S1°S0*D) + (CLR */S1 * /SO0* QD)) H QAn QBn QCn 
QD.cikf = CLK QBn QCn QDn L 
QE = ((CLR * QD * /S1 * SO) + (CLR * OF * S1 * /SO) QBn QCn QDn H 
+ (CLR *S1*S0*E) + (CLR */S1 * /SO * QE)) X c.)6UOCUd 
QE. cif = CLK 
QF = ((CLR * QE * /S1 * S0) + (CLR *QG*S1°/S0) * QAo to QDo = previous state of QA to QD 
+ (CLR * Si * SO * F) + (CLR * /S1 * /SO * QF)) QAn to QDn = level of QA to QD before the most recent rising 
OF .clkf = CLK transition of the CLK, and indicates a 1-bit shift. 


QG = ((CLR * QF * /S1 * SO) + (CLR * QH * S1 * /SO) 
+ (CLR * S1 * SO * G) + (CLR */S1 * /SO * QG)) 

QG.clKf = CLK 

QH = ((CLR * QG * /S1 * SO) + (CLR * SL * S1 * /SO) 
+ (CLR ° S1 * SO * H) + (CLR */S1 * /SO * QH)) 

QH.clkf = CLK 
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74299X _8-Bit Bidirectional Universal Shift Register | 74299X 
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74373 Octal D-Type Latches with 3-State Outputs 74373 


e Enable input Logic Symbol Macrocell count: 8 
Array inputs: 18 
Product terms used: 16 
Product terms allocated: 32 


Functional Description 
The 74373 macro is an octal D latch with an active-LOW enable input. 


Sample PDS Equivalent Function Table (for each D latch) 
Q1 =((Q1 * VCC * /C) + (VCC * GND) + (VCC * C* D1) 
+(D1* VCC * Q1)) 
Q1.trst = /OC 
Q2 = ((Q2 * VCC * /C) + (VCC * GND) + (VCC * C * D2) 
+ (D2* VCC * Q2)) 
Q2.trst = /OC 
Q3 = ((Q3 * VCC * /C) + (VCC * GND) + (VCC * C * D3) 
+ (D3 * VCC * Q3)) * Qo = previous state of Q 
Q3.trst = /OC 
Q4 = ((Q4 * VCC * /C) + (VCC * GND) + (VCC * C * D4) 
+ (D4* VCC * Q4)) 
Q4.trst = /OC 
Q5 = ((Q5 * VCC * /C) + (VCC * GND) + (VCC * C * D5) 
+ (D5 * VCC * Q5)) 
Q5.trst = /OC 
Q6 = ((Q6 * VCC * /C) + (VCC * GND) + (VCC * C * D6) 
+ (D6 * VCC * Q6)) 
Q6.trst = /OC 
Q7 = ((Q7 * VCC * /C) + (VCC * GND) + (VCC * C * D7) 
+ (D7* VCC * Q7)) 
Q7.trst = /OC 
Q8 = ((Q8 * VCC * /C) + (VCC * GND) + (VCC * C * D8) 
+ (D8 * VCC * Q8)) 
Q8.trst = /OC 


Outputs 


| Outputs | 
- 
Z 
H 
L 
Qo 
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74373 Octal D-Type Latches w/ 3-State Outputs | 74373 
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| 74374 Octal D-Type Flip-Flops with 3-State Outputs 74374 


Logic Symbol 


8-104 


e@ Enable input 


e 3-state outputs 


Functional Description 
The 74374 macro is an octal D-type register with an active-LOW enable input. 


Sample PDS Equivalent 
Q1.trst = /OC Q5.trst = /OC 
Qi=D1 Q5 = D5 
Q1.clkf = CLK Q5.clkf = CLK 
Q2.trst = /OC Q6.trst = /OC 
Q2 = D2 Q6 = D6 
Q2.clkf = CLK Q6.clkf = CLK 
Q3.trst = /OC Q7.trst = /OC 
Q3 = D3 Q7 = D7 
Q3.clkf = CLK Q7.clkf = CLK 
Q4.trst = /OC Q8.trst = /OC 
Q4 = D4 Q8 = D8 
Q4.clkf = CLK Q8.clkf = CLK 
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Macrocell count: 

Array inputs: 

Product terms used: 
Product terms allocated: 3 


NM © O © 


Function Table (for each D flip-flop) 


* Qo = previous state of Q 
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74374 Octal D-Type Flip-Flops w/ 3-State Outputs 74374 


OC 
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74518 8-Bit Identity Comparator 74518 


8-106 


e Enable input Logic Symbol Macrocell count: 5 


Array inputs: 21 
@ Active-HIGH output Product terms used: 17 


Product terms allocated: 20 


Functional Description 


The 74518 macro compares two 8-bit numbers and sets the EQUAL output HIGH if the two 
numbers are equal. The enable input, G, must be held LOW to enable the EQUAL output. 


Sample PDS Equivalent Function Table 

COMP_7_6 = ((P7 :+: Q7) * /(P6 :+: Q6)) [Inputs 

COMP_5_4 = (/(P5 :+: QS) * (P4 :+: Q4)) Outputs 

EQUAL = (COMP_7_6* COMP_5 4*COMP_3 2 
* COMP_1_0*/G) P(7:0) = Q(7:0) L 

COMP_3_ 2 = (/(P3 :+: Q3) * /(P2 :+: Q2)) P(7:0) > Q(7:0)  L L 

COMP_1_0 = ((P1 :+: Q1) * (PO :+: Q0)) EUDys Q(7:0) ; : 
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74518 8-Bit Identity Comparator 74518 
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@ Enable input Macrocell count: 5 
Array inputs: 21 
e Active-LOW output Product terms used: 17 


Product terms allocated: 20 


Functional Description 


The 74521 macro compares two 8-bit numbers and sets the EQUAL output LOW if the two 
numbers are equal. The enable input, G, must be held LOW to enable the EQUAL output. 


Sample PDS Equivalent Function Table 

COMP_7_6 = (/(P7 :+: Q7) * /(P6 :+: Q6)) 

COMP_5_4 = (/(P5 :+: Q5) * /(P4 :+: Q4)) 

EQUAL = (COMP_7_6 * COMP_5_4* COMP_3 2 
* COMP_1_0 * /G) 

COMP_3_2 = (/(P3 :+: Q3) * /(P2 :+: Q2)) 

COMP_1_0 = (/(P1 :+: Q1) * /(PO :+: QO)) 


P(7:0) = Q(7:0) 

P(7:0) > Q(7:0) 

P(7:0) < Q(7:0) 
X 


L 
L 
L 
H 


L 
H 
H 
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14521 8-Bit Identity Comparator 74521 
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ADD1 1-Bit Full Adder ADD1 


e Carry input Logic Symbol Macrocell count: 2 
Array inputs: 3 
e@ Carry output Product terms used: 7 
Product terms allocated: 8 


Functional Description 


The ADD1 macro adds two 1-bit numbers. You can use the carry-out and carry-in signals to 
cascade multiple adders. 


Sample PDS Equivalent Function Table 


Soe) Po) |_Inputs_ | Outputs _| 
COUT = ((A0 * BO) + (CIN * (AO :+: BO))) 
AO BO CIN | COUT SO 


rm 
a Ee et i 


ae ae ee re ee 
ak a a ie 


ae ae ff ke 
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ADD1 | 1-Bit Full Adder ADD1 
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DECODE4 2-to-4 Line Decoder DECODE4 


e Enable input Logic Symbol Macrocell count: 4 
Array inputs: 3 
A YO Product terms used: 4 
B Y1 Product terms allocated: 16 
Y2 
OG Y3 


Functional Description 


The DECODE4 macro decodes one of four active-HIGH output lines depending on the 2-bit 
data inputs. The enable input, G, must be LOW to activate the decoder. You can use the 
enable inputs to cascade multiple decoders. 


Sample PDS Equivalent Function Table 
Y3 = (/G* B*A) 

Y2 = (/G* B*/A) 
Y1 =(/G*/B* A) 
YO = (/G* /B* /A) 
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DECODE4 2-to-4 Line Decoder 


i 
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DECODE4 
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MUX2 2-to-1 Multiplexer w/ Enable MUX2 


e Enable input Logic Symbol Macrocell count: 1 
Array inputs: 4 
Al Y1 Product terms used: 2 
B1 Product terms allocated: 4 
SEL 
OG 


Functional Description 


The MUX2 macro decodes one data-input line to select one of two data sources. The enable 
input, G, must be LOW to enable the Y1 output. 


Sample PDS Equivalent Function Table 


Select | Strobe he ease a een eal 


Y1 = ((A1 * (/G * /SEL)) + (B1* (/G* SEL))) 
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MUX2 2-to-1 Multiplexer w/ Enable MUX2 
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MUX4 4-to-1 Multiplexer w/ Enable MUX4 


e Enable input Logic Symbol Macrocell count: 1 
Array inputs: 7 
Product terms used: 4 
Product terms allocated: 4 


Functional Description 


The MUX4 macro decodes two data-input lines to select one of four data sources. The 
enable input, G, must be LOW to enable the Y output. 


Sample PDS Equivalent Function Table 
Y = ((DO* /B* /A*/G) + (D1 */B*A*/G) 
+ (D2*/A*B*/G)+(D3*A* B*/G)) 
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MUX4 4-to-1 Multiplexer w/ Enable MUX4 


Jf 


ae 
email 


February 1991 CHAPTER 8, MACRO AND SCHEMATIC DATASHEETS 8-117 


—_—_—_—_—_—_—_—_—_—_—_—_—__—_—_— 
8-118 PALASM 4 USER'S MANUAL, SECTION III, LIBRARY REFERENCE February 1991 


SECTION IV 
SOFTWARE REFERENCE 


Chapter 9: Menus and Commands 


Chapter 10: Language Reference 


Chapter 11: Device Programming Reference 


DocVer 1.0 PALASM 4 USER'S MANUAL 
February 1991 SECTION IV, SOFTWARE REFERENCE iVv-i 


a 
iV-ti February 1991 


DocVer 1.0 
February 1991 


CHAPTER 9 


MENUS AND COMMANDS 


PALASM 4 USER'S MANUAL 
SECTION IV, SOFTWARE REFERENCE CHAPTER 9, MENUS AND COMMANDS 


9-i 


PALASM 4 USER'S MANUAL, SECTION IV, SOFTWARE REFERENCE 


February 1991 


CONTENTS 


MENUS AND: COMMANDS :iiiciccsendcaceesecicevscaeseeciesvecacle us esata ced vs lis saew ns whincadstndandsauiedisen saeadiaiesactuandbeedeatations 1 
De OVERVIEW ocsceciceschaceschusacenssadecedsazesuavdiasacauscsatescscnescececusceceveastosceveccscsvasevecdecuinadeiestausceceisessenteamoertance 2 
SVN: EAT ES becca tessa cs coceeteantaticctuaaated sens brateesce acenaresiecs neat susie dane ee eae neces: 3 

ces CONV EIN IONS 2st cred es deed ee oe 5 

9.2 COMMANDS AND OPTIONS. .................:cccccccssscscccccecesssscscccssessccseccccessscnccceccecencencacccecesesanacececesessessas 7 
21 UE IN icseaag caress sasnceeaannnay ca desaeva teencwsaictoniecinaseeu re als ince tualecesipeseaueseuneanideas as vaeeeaiaian 8 
9.2.1.1 BISON INGW LIGSIOM sa r3 es cccasovasessGevadbassoavatulan a adsws/auiacvundcsssucdect eid esaveneeenmmaacenteconne 8 
Text-Based:Design Form sicisciiscicn icine ennai 10 

Schematic-Based Design FOr. ...........:.cccccccccccsssssssssnssetecececseesesessnseseees 12 

9.2.1.2 Retrieve an Existing DeSIQM...................c:cscscssssssessssessenscenssessecsesssstransnancaeonenes 15 

9.2.1.3 MerGe Design Files sciic hast ised. cock A Seciivnsteinecdicia es eee ed weadeacers as eee 16 

NOS MO QU icasecacoteiscceridsniveizucteesvecasdecestev-Qactelvassiere teed eneteansnede uaa 18 

GetNext INDUl File cesbiciiccicisisesessesGicocssaniutelinoxadeicateg mensussedeententae es 18 

NMGIQS FilGS ais ercsssvoacsentestlieieteceaansaeat rashes ane ees 19 

LISLE COMDINGO FOS cic ivasweievobscasecsrorvdecedsinsadcuseavevtaeoduaseieiectocabeas 19 

AS: Pee EEC SPEIRS ESLER RE eS OT OE RR 20 

PDANGOR TOU sccosnnsecire a ekaceaste sede ccciedoulesvecsteiednreaiesassteneeleeuttes 20 

ONG ass bass aocaidtc tec eile tate ecse dosha teeta tentang cutee eon eedaoteaauueeaeune ees 20 

he) C01 1179 [0 ape et en ee er ene 21 

=101 1 36 ea [= Geena oD, Eee Pee ene eee PER Ror eT eerie een eer ear 21 

View the Output Buffer ........... cc ceesccsecesesessrecececessseeseeeceeenesseeeeeenes 22 

FRESONUNION MCN soxiscacSaecelis tase aiaeess cirri gic aetna 22 

Resolve Detectable Conflicts 0.0.0.0... ic ccccccccecesceeeceeeececeseeceseseeeeeeees 22 

Bind PINSINOGOS 5 soiccss 2st swsncsdesecnsets oeiewtteasnctasecueenevatereeuecatiete eons 26 

EGIEPIN/NOGO TSE cscccicssicssesustersustecesatasheoetnctectnceetiecccialernctnaaetnesas 28 

SOLUD WISN san decdicectls tosh os dandy dda choos deanaceseseeansesuieeneesaeldlaseiare een ei 30 

OO OUOIS cd iaasheta sch octaecciasevsapinetiee da maeeiostaae ene taneean ee aeenmeheiatee 30 

Set Henaming Strategy siicccvisvesievensinsseeceteeeseinninwaiondniedess 31 


February 1991 CHAPTER 9, MENUS AND COMMANDS 9-iii 


9-iv 


9.2.1.4 GTA COTO atic recat escent Sextrsectratcticn aantes sanction ee satennes ions 32 


9.2.1.5 DEl61e SPOCHIOR FilSS pre-e ate ts scary ssdaucsdacdeduneacnssaxeedonnceoeteausdesanewdnteaannes 33 
SOA “SOLD raerse eyes ivashececka saturate rieaeannaetonabeh needs 34 
WVOFLKING EMVIFOMMOIN ciscicei erties! cosas anise aemuncaakeuesnnsenicaxt 34 

COMP I ANON: OPO sccsssvansisovaessuncacansescasaccasscnsedeebeavsaredsazencnststeusdensizeivess 37 

SIMULAUON OSHONS Sessceasstiasivinaewvacccwiarengencuasoaiancicelsaaacaee whee ena: 43 

LOGIC SYNINESIS: OONONS covveitccivcewncesscadsnieaxcsdicaesus nes ies eideaiasduari iain 44 

B27.7- AGO TO SYSIOM eis secesnstassrsicass ace olemuctnde vavaccetudeuideni ce vctanbaneehdcasaeoouuriecs eelveisiets 48 
Oe. - SOLU citenteaceeteecuacases voice epoesensc tee astccohadneheaaacub eae eacenaauectearen oes cameieieeieringn cans 48 
2 eam 1G, | cat x tee le es OTe RSE Ree eer en errr 49 
9.2.2.1 MONT NS Sleek vocal cece ehews in erec penaae aac etceac nasa eaedueaate nee eee 49 
9.2.2.2 DCO AUC NG Biase lst cptau dessin icassags tas een causoeete yubsend ees suaaoounasag aevanel aBinnaaee cu 50 
9.2.2.3 Control File for Schematic D@SIQN .............ccesesssesssssssesesseececeececesaeeeaeauseeeseeees 50 
9.2.2.4 Auxiliary Simulation Fil@....................ssssccsssssesssssecsecececescceecesseeaessesssvosseesesceeenes 51 
2 as am © | 5 (= ae | (= eee ee ee Eo eevee eee eee een ee ree Oren ae 51 
G22 . "RUNIMENU scsrcstsdcconesuaudcetecensaeasd bas nnuewastasieanzeuwatias varanceuak saaveudser aacactelengssvoeaawesjetaunentencuans 52 
9.2.3.1 GOMOD UG sessed cies tedi ec csocasaicond cinanse cus vereseaseunes guseausereescoesetagargune Leceienaeccauaee 53 
9.2.3.2 SIMULA Ocoee cece ss Rie ea ane ccesied da eaveeoeieat lash dl oeaedtimteateanntednaaeee eee 54 
9.2.3.3 BOO ee decease setsa eater tentatac ous Pe tou aiecusesoseolaascuaaugecvea acesineomaroes uments 55 
O:2:3:4. ~<OMOr ODSLAUONS oa. iacaeceiscnttiecicaccs cela cae ena neaaeaategceecngses ete eaaioeom ee anaaueeees 55 
Convert Schematic to Text ...........cccccccecececcececeseececceeecccesceeeeeseneeseneeteees 55 

BACK ANHOLAIG SIQMalS wis deseserctoccccvsverssiesaetGokecatsenendesatesa senbecsemceneesantiates 56 

DISASSOMDIO FIOM sieceivececchciebiceseecctceeriesedstoieie nee ene ete 56 

Recalculate JEDEC Checksum. ............ccccseccecsseccccessrssseeeesessseeceseaaeseeeoes 58 

ranslate trom PUP biiisisiisicevesies ech bine ssateness Gimeeecetehiehccee aheonas 59 

EXC aby disewcienbosceseesite yan scleateGavtatoncaenls tolse elaciandeaeuediapibaluacediche aes 59 

2 Ae “MIE WEIN ccc cctgercencuuccasaatuaeatianucadecannet senecess cus aman yewsdtuhedadaaadecseneci cones eieeanienediaatrantagetandiasentess 60 
9.2.4.1 EXO CUTON: OG FFilG.c.ccecsszivacaacracaueSessnesuasaveapesqnesavessiaunencensueeuaiacdeassddatsaninarntieuins 61 
9.2.4.2 EDS I NG oe cciics wets eeicunaceaaaaeaauossannntaccat can wee vee deedeacwatn Veadawes oeetuaeteeacaueeeratseacete 61 
9.2.4.3 FRODONS sssetaecatisecin cies ores waenaeise ete aS satns os asa wataaes an adeaetedeee esas ads 62 
PUSO: MAD aessas seer oesscwmiacssshudrancaneataahapanterielviadeuatoasiacxdpunuensuetanedutunteaber, 62 

TWIAGID: FAS OOM a joao sacinpaatanataeideeastatuvaaadeatas sxiice mash deloastccundan tarde teaeaweaotngeesoua te 62 

O:2:4:4 «SE DEC Date yuu ceca iia ceetrcae rent cnticaica ec achud et etenadetabiete lade scasouseeeaaeloee meets 63 
PUSE Data ON cscs cisissciadicanaseccesieeiliecsiebeitetdece sanestuikonaveckeackennaebdennceees 63 

VECIONS 4: USO Dales denssttensesshticcnsecotacisaveaientucaamnasewedans tweens. 63 

9.2.4.5 SS INMMUIALION- DD Aled Gear vitscntele tb ecstee te lasa ia tattcndsthanws asda cuaet lesdamvataaseunaal eased auc eae 64 
PANU OEY ac 5 a 2a aston gs ccece ase usecus bu du ales eterrraeidaosaaadaic aa Rea Sincea San save muaeusaneaeanie ee 64 

UE AG Crt ts ed ashy cesta baieeicee be Sac tae cis wares esas Soacseese ved aaa aco esa 65 


PALASM 4 USER’S MANUAL, SECTION IV, SOFTWARE REFERENCE February 1991 


9:2:4.6° ~ Wavetorm: DISDIAY a cccssscssceccsdavarcesteusascsveensiscovvactienseassaawuersaviaitaienasiatuetnntn’ 65 

ERIS LONY 25 coset rensuacatdetan cated yecataiaascnadiseedecesun aoa ania tiuevamnneeam et ieauiaae: 66 

ACC cede cesses te inteleaaaiutey tet Scan teas a tacinst aaamceaepi tan wedun’ aiabheansavomneielestan as 66 

9.2.4.7 Current Disassembled File... cccccecscecscccceevscscessssssssescssecscsseeseseseessreeaues 66 

9.2.4.8 PANO UI srl Sse'es secesiencececumenseen Giecpaiettnceas actuate ae oes Rete te 67 

9.2.4.9 NGUUIST-FO DOM sicctwacscnavatesSetsnadia rca leccaxt in sceny aa aoenccomncon eae eee eee 67 

a Na 0 mms © 3407-1] |= een ree ea ene Rr ER RR Ae eI Pe ne 68 

9:2:5- -DOWNEOAD MENG a jicseccceennteeeiebecntasccaedanticeal eta iocctdnctonaatdodsassuaweepesineatahaicacenananel eens 68 
9.2:6> -DOCUMEN TATION MENU sicccccshs cn ceien cn deceecasseicetinaiavedee taesedsinbaeectnasesdasndaseacsineondeeitoneads 69 
9.2.6.1 INGOX Ol VODICS - ossdec cassia reacace icacaly sacavndescedacedeis as udeeensansenroanevaoae oti esse 69 

9.2.6.2 LANGUAGE FACIOLS NCO ofa ccb sansa ren anrdcenteddudevlansaduertay mamensadieoteerniainesentaloaieule 70 

OVS ING WY scare chaste cata sas eas edaetccie ostotusniwiaiuecaserss leseinnravlttancimotiees 71 

SOV INUANG 5 satc tse iceg danny aeencudsasaaeensauanuncsdcnasa oaraieawea dodo nereiss a aavelaswinseeeoeue tia 71 

EVO MNONS siesta te ace ctccessiecanc ovhe A aseau neeesebosesoanetnslna ohne maar mete 71 

IS ae cnt access neva xtdetaripeatnkauesaleee nieevagereaecapheeseaenclsaeaceetntanata ese 71 

PCAC VODICS oes tier ata scacunedeeriatematso alas ee 71 

PIOVIOUS MOU seecaiascescezisnsictndcsvararesgedvovainisd adeeceesnceud ned eens ant ord ekeoes 71 

9.2.6.3 FGI ON OES erase ceraas sl ous dessa ceaundeneriad silnoiwl veuseantaaccaenaesenusanteagauaneaetadeeass 71 

D257 TR OE iseatecss ees nascar cated nee ice a tieasan taeda tonto ionneees ad andes dna eeanasas ise 72 

February 1991 CHAPTER 9, MENUS AND COMMANDS 9-v 


PALASM 4 USER'S MANUAL, SECTION IV, SOFTWARE REFERENCE 


February 1991 


MENUS AND COMMANDS 


February 1991 


The PALASM 4 software provides a unique 
environment that furnishes all commands required to 
develop a PLD or MACH-device design. This chapter is 
divided into two major topics. 


« The overview, 9.1, introduces the features and 
conventions of the software. 


e The commands and options discussion, 9.2, 
provides definitions and operational details for 
commands on the File, Edit, Run, View, Download, 
and Documentation menus. 
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9.1 OVERVIEW Menus allow you to view and quickly select any 
command you need to produce and debug a PLD or 


MACH-device design. Using commands provided on 
menus, you can Create or retrieve a design, process it, 
view and print reports, and download the JEDEC file to 
a device programmer. 


The top-level screen is shown next. Various areas are 
identified and described after the figure. 


PALASM 4 version 1.1 
EDIT RUN VIEW DOWNLOAD DOCUMENTATION’ <FI> for Help 


Retrieve existing design 
Merge design files 
Change directory 
Delete specified files 
Set up... 

Go to system 

Quit 


Design Information 


Cur.Directory : C:WPALASM\EXAMPLES 
Input Format : TEXT 

Design File : <None> 

Device Name : <None> 


<Enter> or <F10> select, <Home, End, t! s+ > move cursor, <Esc> exit 


The bar across the top of the screen contains all menu 
names. A prompt on the right identifies how to access 
online Help. Each name reflects the kinds of com- 
mands on that menu. 


¢ The File menu provides the file management, 
working environment, and system commands, as 
discussed under 9.2.1. 
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9.1.1 FEATURES 


Begin new design 
Retrieve existing design 
Merge design files 
Se etc 


Go to system 


Quit 
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e The Edit menu provides commands to work on a 
particular kind of file in either the text editor or 
schematic editor, as described under 9.2.2. 


e The Run menu lists all the commands you need to 
process a design file, as discussed under 9.2.3. 


e The View menu includes commands to display files 
generated during each process, as described under 
9.2.4. 


¢ The Download menu provides access to 
the device programmer via a programmer- 
communication utility, as detailed under 9.2.5. 


¢ The Documentation menu allows access to online 
reference material, as described under 9.2.6. 


Depending on the working environment setup, which 
you define using the Set up command on the File 
menu, current design information appears in the lower- 
right corner of the screen. The status line at the bottom 
of the screen provides messages and prompts that 
change as needed. 


Whether you're familiar with the environment or not, the 
menus and commands are easy to work with. The 
following features are standard. 


¢ Drop-down-style menus like the one shown here 
¢ Dialog-box-style forms 

¢ Pop-up-style lists 

¢ Keyboard invocation of commands 


Commands, such as Set up, followed by ellipses, 
display a submenu of additional commands. When you 
select a command, one of three things may happen. 


A. Aprocess may be initiated, in which case, a 
window usually opens. 
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B. Asubmenu may appear listing additional 
commands for you to choose. 


C. A form may appear where you supply additional 
information. 


D. Anoption list appears only when you select an 
option field on a form. 


A sample form is shown below. All forms presented in 
this chapter show the default options as they appear 
after first installing the software. 


DELETE SPECIFIED FILES 


This Utility deletes all files in the current directory 
with the following extensions when ‘Y’ is selected. 


SHEMATIC TEXT 
PROCESS FILES PROCESS FILES OUTPUT FILES 


<ennxe< 


Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 


ZAZZAZLZZLZZz 


_* 


Each form provides one or more fields that typically 
contain information you can accept or change; the 
highlighted field is active. Most fields are composed of 
a field name and a corresponding specification. Three 
kinds of fields are provided: text, option, and status. 


e You can type information, such as a file name, 
directly into the highlighted (active) text field. 


e You press [F2] to display a list of choices for the 
active option field. 
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When you select an option, the list is dismissed and 
the specification on the form is updated. 


Note: An error is reported if you attempt to type 
into an option field. 


¢ You cannot edit or change data in a status field. 
It's provided for information only. 


9.1.2 CONVENTIONS To use the software, you type the command shown in 


bold at left from the operating system. The copyright 
PALASM [Enter] screen appears, as shown below. 
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[Enter] After you press a key to dismiss the copyright screen, 
the PALASM menus become available. At this point, 


you 
and 


use the keyboard to select commands and options 
to activate fields in forms. 


Table 1 describes how you select commands from 
menus, submenus, and lists and how to fill in a form. 


Table 1: Select a Command and Fill in a Form 


TASK KEYBOARD 


Open / display a menu (select menu name) 
Select a command from open menu, sub- 
menu, or list 

Select a field / move to next or previous field 
Display options 


Select option 


Enter text 


Edit text 


Cancel form or list / return to previous menu 
bar 


Confirm specifications in a form 


Press arrow keys to highlight menu name. 
Type the first letter of the command, which is 
capitalized, or press arrow keys to highlight 
command, then press [Enter]. 


Press arrow keys to highlight field. 


Press [F2]. 


Press arrow keys to highlight item, then press 
[Enter] to select item. 


Type new text. 


Move cursor and backspace or retype. 


Press [Esc]. 


Press either [Enter] or [F 10). 


When you enter a form, the first field is active 
unless it’s a status field. You can enter data, 
change data, or select another field. 


When you leave a form, you’re returned to the 
previous form, submenu, or menu. You can select 
another command or exit. 


When you return to a menu or submenu, the 
command associated with the form remains 
highlighted. 
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9.2 COMMANDS 
AND OPTIONS 
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Discussions are divided according to menu name or 
function, starting with the File menu at the left and 
moving across the menu bar to the right. 


© 9.2.1, File Menu 

e 9.2.2, Edit Menu 

° 9.2.3, Run Menu 

¢ 9.2.4, View Menu 

¢ 9.2.5, Download Menu 

¢ 9.2.6, Documentation Menu 
e 9.2.7, [F1] for Help 


Within each discussion, commands are explained in 
logical order starting at the top of the menu and working 
through to the end. 


e Any submenu or form that appears when you select 
a command is explained under the corresponding 
command discussion. 

¢ Definitions for each field in a form are discussed in 
order, beginning at the top of the form and working 
through to the end. 


¢ Choices for each field are discussed in order. 
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9.2.1 FILE MENU 


Begin new design 
Retrieve existing design 
Merge design files 


Change directory 
Delete specified files 
Set up... 

Go to system 

Quit 


9.2. 1. 1 Begin New 


Retrieve existing rae 


Merge design files 
Change directory 
Delete specified files 
Set up... 

Go to system 

Quit 


The File menu appears automatically when you enter 
the software environment. As shown on the left, this 
menu provides two kinds of commands. 


e File management commands 
Begin new design 
Retrieve existing design 
Merge design files 


¢ Software-environment commands 
Change directory 
Delete specified files 
Set up ... 
Go to system 
Quit 


Depending on the working environment you define 
using the Set up command, current design information 
may appear in the lower-right corner of the screen. 


This command is automatically highlighted each time 
you enter the software environment. Each new file you 
create is stored in the current working directory. ! 


When you select the Begin new design command, a 
form appears so you can specify the file type and 
name. 


Input format: TEXT 


New file name: 


1 Refer to discussion 9.2.1.4, in this chapter, for details about changing the current working 


directory. 
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Input format: Text 


New file name: 
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This option field specifies the type of design you'll 
produce. Text refers to a text-based PDS file, which is 
the default. 


To produce an OrCAD/SDT III schematic-based design, 
you must press [F2] to display the options and select 
Schematic. 


Note: Schematic-base designs are supported only for 
MACH devices. 


You type the name, which must adhere to standard 
DOS naming conventions, in the new file name text 
field. 


e Use any combination of upper- and/or lowercase 
letters, numbers, the underscore, _, and dollar sign, 
$, characters. 


¢ Use up to eight, 8, characters and an optional 
extension: either .PDS for Boolean or state- 
machine designs or .SCH for schematic designs. 


When you confirm your specifications, the name you 
specified is compared with existing file names. 


e — If the name corresponds to an existing file of the 
same type, you’re asked if you want to overwrite 
the existing file. 


In this case, you respond by typing the letter Y to 
overwrite the old file or the letter N. 


e If the name is unique, one of two forms appears, 
depending on the kind of file you specified. 


Each form is described next. 
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Text-Based Design Form After confirming a text-based format and design name, 
you're immediately transferred to the form shown 
below. The fields on this form assist you in completing 
the declaration segment of the PDS file. 


PDS Declaration Segment 


Title 

Pattern 

Revision 

Author 

Company 

Date 08/15/90 


CHIP ChipName= | cntr Devie= [ sd 


P/N Number Name Paired with PIN Storage ;comment 


LLL 


Enter Header Data. [Press <ESC>=abort, Fl=help, Fl0=save & exit] 


The Title field is active when the form appears. You 
can either type a title or select a different field. The 
text and option fields on this form are described below. 


¢ Title, Pattern, Revision, Author, and Company fields 
can contain up to fifty-nine, 59, characters, 
including any combination of alphanumeric 
characters or symbols. 


¢ Date provides today's date automatically, as 
specified by the operating system, which you can 
change if you use the ##/##/## format. 
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ChipName currently displays the design file name 
without the extension. 


You can specify a new chip name of up to eight, 8, 
alphanumeric characters. 


Device refers to the type of device for the design. 


Options include all PLD and MACH device types. 
You must specify a device type before saving 
information and leaving the form. 


P/N identifies the statement as either a pin or node 
statement. 


Options include a blank and two types: pin and 
node. 


Number requires a pin or node location, which can 
be either a whole number that fixes the location on 
the device or, for MACH devices only, a question 
mark, ?, that defines a floating location. 


Name requires a pin or node name. 


Paired with pin is an optional node attribute; if used, 
you must enter the number of the pin to which the 
node will be paired.2 


Storage refers to the optional storage type. 


Options include a blank and three types: 
Combinatorial, Latched, or Registered. Combi- 
natorial is the default, which is used if this field is 
left blank. 


2 Refer to Chapter 10, in this section, for details about the following topics: using the question mark 
to float pin and node locations, naming syntax in pin and node statements, and pairing a node 


with a pin. 
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Schematic-Based Design 


Form 
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¢« Comment adds an optional comment to the 
statement, which is preceded by a semicolon in the 


PDS file but not on the form. 


Options include Input, Output, |O, Clock, and 


Enable. 


After you create and confirm specifications, you're 
transferred to the text editor and the PDS file is 


displayed. 


Press [F2] and then press [Enter] to select a schematic- 


based format and design name. Two files are 


automatically created. 


¢ Anempty schematic worksheet file is created using 


the name you specified. 


¢- Anempty control file is created using the design 
name with a .CTL extension, design.CTL; then 
you're immediately transferred to the control-file 


form shown next. 
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Title 

Pattern 

Revision 

Author 

Company 

Date 08/15/90 


CHIP ChipName = 


Schematic CTL File Information 


Enter Header Data. [Press <ESC>=abort, Fl=help, Fl0=save & exit] 
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When the schematic data is converted to a PDS format, 
the information in this form provides the declaration 
segment of the PDS file. 


The Title field is active when the form appears. You 
can either type a title or select a different field. The 
text and option fields on this form are described next. 


Title, Pattern, Revision, Author, and Company fields 
can contain up to fifty-nine, 59, characters, 
including any combination of alphanumeric 
characters or symbols. 


Date provides today's date automatically, as 
specified by the operating system, which you can 
change if you use the ##/##/## format. 


ChipName currently displays the design file name 
without the extension. 


You can specify a new chip name of up to eight, 8, 
alphanumeric characters. 
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Important: Chip is a reserved word and cannot 


appear in any field, unless embedded in another 
word, such as ChipDate. 


¢ Device, is provided where you specify the MACH 
device type for the design.3 


You must specify a device type before saving 
information and leaving the form. 


After you create and confirm specifications, you're 
automatically transferred to OrCAD/SDT III.4 A blank 
worksheet with the name you specified earlier is 
available along with the AMD-supplied MACH library. 
You can begin placing symbols and wires to produce 
the schematic file. 


Important: You must enter OrCAD/SDT Ill in this 
manner to use the AMD-supplied library for MACH- 
device designs. 


3 Refer to the PALASM 4 online release notes for a listing of devices with JEDEC support. 
4 Refer to the OrCAD/SDT Ill Schematic Design Tools manual for details about using the schematic 
editor. 
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9.2.1.2 Retrieve an You select this command and complete the form below 
Existing Design to identify an existing design in the current working 
directory you want to edit or process.° 


The form that appears is similar to the one you com- 
plete to create a new design file. 


Mose rere files 


Change directory elgg eos 

Delete specified files 

Set up... 

Go to system 

Quit 

Input format: Text This option field specifies the type of design you'll 

produce. Text refers to a text-based PDS file and is the 
default. 


To edit or process an OrCAD/SDT Ili schematic-based 
design, you press [F2] to display the options and select 
Schematic. 


File name: You type the design name in this intelligent text field. 


Note: Initially, the name field may be blank or may 


include *.*, however, once you create or retrieve a file, 
the form includes the name of the current design. 


e If the field is blank, you can type a name. 


e If the field contains *.*, a list of all file names 
appears when you press [Enter]. 


You can enter *.PDS or *.SCH to display a list of 
specific files to select. 


5 Refer to discussion 9.2.1.4, in this chapter, for details about changing the current working 
directory. 
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9.2.1.3 Merge 
Design Files 


Sa directory 
Delete specified files 
Set up... 

Go to system 


Quit 


Input format: TEXT 


Text output file name: 
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After you confirm your specifications, you can choose 
any command to specify the operation you want to 
perform. Depending on your working-environment 
setup, current design information may appear in the 
lower-right corner of the screen. 


You select the Merge design files command and 
complete the form below to initiate a process where you 
can combine design files.© The form that appears is 
similar to the one you complete to create a new design. 


Input format: TEXT 


Text output file name: *.* 


You can combine only PDS files. Therefore, the Input 
format field on this form is a status field that you cannot 
activate or change. 


You type the name of the output file that will include all 
combined data in this field; the name must adhere to 
standard DOS conventions. The output file is stored in 
the current working directory. 


important: After you confirm the output file name, the 
merge process is initiated which includes compiling the 
design file and then the merg 


Four menus, Files, Editor, Resolution, and Setup, 
provide all commands for the merge process. 


Refer to Section Il, Chapter 4, for guidelines to use when merging design files. 
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EDITOR 


Get next input file 
Merge files 

List combined files 
Save 

Abandon input 
Quit 


Output File CNTR.PDS 


Detectable Conflicts 


Status fields across the center of the screen identify the 
output file name, current input file name, and the 
number of files combined during this session. 


Initially, the output file name is specified. However, the 
input file name is not listed because you have not yet 
retrieved the first input file. 


The detectable-conflicts and pin-summary tables reflect 
the status of a comparison that’s made after you 
retrieve an input file or resolve conflicts. Messages and 
prompts appear at the bottom of the screen as usual. 
The next figure shows the merge-process screen. 


MERGE DESIGN FILES 
RESOLUTION 


Input File Files Combined 0 


Pin Summary OUTPUT INPUT 


State 
Pins/Nodes 
Strings 
Vectors 
Conditions 
Architecture 


Specify file name for next input file. 
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{ <Enter> Select <Esc> Exit ] 


Initially, the input buffer is empty; the output buffer con- 
tains only empty declaration and equation segments. 
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Files Menu 


Get Next Input File 


Merge files 


List combined files 
Save 
Abandon input 


Quit 


Important: Following discussions define each merge- 
process command and all related forms and options. 
Menus are discussed in order from left to right; com- 
mands are discussed in order from first to last. 


The merge process stores files temporarily in the input 
and output memory buffers. All commands on this 
menu, except Quit, operate on files in the memory 
buffers. 


This command is highlighted when you begin the merge 
process. When you select this command, a form 
appears with the intelligent text field shown below. 


You can either type a file name or display a list of files 
and select a name from the list. 


¢ If the form contains *.pds; press [F2] or [Enter] to 
display a list of all PDS files. 


¢ — If the form contains *.*, press [F2] or [Enter] to 
display a list of all files; however, you can only 
select a PDS file. 


In any case, after you confirm the name, the following 
process is completed. 


¢ Design data is loaded into the input buffer; the 
Status line in the center of the screen reflects the 
name of the input file. 


e The design is parsed, expanded, and minimized. 


If errors are detected, the input file is abandoned 
and the input buffer is cleared automatically. 
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Merge Files 


Get next input file 


SODOOODOOOOD OO arrears 
OCR RRR RRC RCN ORC RT BD 
COR ee 


OE wr ea aha aaa at he ie ee Re ht et he oe Be et he be a 
ORM ar aM M MM POOR Ie oe RO ee 


List combined files 
Save 

Abandon input 
Quit 


List Combined Files 


Abandon input 
Quit 
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¢ Data in the input buffer is compared with data in the 
output buffer. 


The pin-summary table reflects the status of the 
design in the input buffer. If design data is in the 
output buffer, the detectable conflicts table reflects 
the number of signal name or pin location conflicts 
between the two buffers. 


You select this command, after resolving conflicts, to 
move the input file into the output buffer. Data in the 
two buffers are combined into a single design in the 
output buffer; the input buffer is cleared. 


The status field in the center of the screen, which 
identifies the number of files combined during this 
session, increments by one. 


Important: If you initiate the Quit command before 
merging data in the input buffer with data in the output 
buffer, a warning appears and asks if you are sure you 
want to quit. In this case, 


Y confirms you want to quit without merging 
data. 


N cancels the quit command so you can merge 
and save the data. 


This command lists the names of all files you've 
combined during this session. You cannot select or edit 
any name in the list. 


Merged.PDS 


Super.PDS 
Counter.PDS 
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Get next input file 
Merge files 
List combined files 


eters 
aro te eta tet a ntotece tere 
Chee ee He NCC CY 


Abandon input 
Quit 


Abandon Input 


Get next input file 
Merge files 

List combined files 
Save 


Get next input file 
Merge files 
List combined files 


Save 
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The Save command writes all data in the output buffer 
to the specified output file. Until you select this 
command, data resides only in a memory buffer. 


Important: You must merge files to move data from 
the input buffer into the output buffer. Then save data 
in the output buffer to write it to the output file. 


You use this command to clear the input buffer if you 
find the file is not appropriate to merge with data in the 
output buffer. The input-file status field in the center of 
the screen identifies the name of the input file; however, 
the field is cleared automatically either when the file is 
abandoned or after merging. 


You use the Quit command to leave the merge process 
and return to the PALASM environment. When you 
select this command, you are asked to confirm ending 
the session. 


¢ Y returns you to the PALASM environment. 
¢ Ncancels the Quit command. 
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Important: If you initiate the Quit command before 
merging data in the input buffer with data in the output 
buffer, a warning appears and asks if you are sure you 
want to quit. In this case, 


Y confirms you want to quit without merging 
data. 


N cancels the quit command so you can merge 
and save the data. 


Also, if you initiate the Quit command before saving 
data in the output buffer, a warning states the design 
has changed since the last save and asks if you are 

sure you want to quit. In this case, 


e Y confirms you want to quit without saving 
changes. 


¢ Ncancels the quit command so you can save the 
data. 


Editor Menu This menu provides two editor commands for the merge 
process. You cannot edit information in either the input 
or output buffer. However, you can edit any file and 
you can view information in the output buffer. The 
Resolution menu offers a command to edit the pin/node 
list in the output buffer. 


Edit a File You select this command to correct design errors 
discovered when you retrieved the input file or to edit 
header data, device type, or pin locations in a combined 
= design. When you select this command, a form 

: S appears containing an intelligent text field, as shown. 


You can either type a file name or display a list of files 
and select a name from the list. In either case, after 
you confirm the name, the text editor becomes 


View the output buffer 
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available and the designated file is displayed on the 
screen.’ To return to the merge process, you must quit 
from the text editor as usual. 


View the Output Buffer When you select this command, a view of the combined 
design in the output buffer appears on the screen. 
However, you cannot edit in view mode. 


To return to the merge process from view mode, just 
press [Esc]. 


Resolution Menu This menu provides commands to resolve conflicts 
between designs. 


Recommendation: It’s important to resolve conflicts 


before you merge the design in the input buffer with the 
design in the output buffer. 


Resolve Detectable You use this command to display the conflict resolution 
Conflicts form. Detectable conflicts occur when signals in the 
input and output buffer have the same name or pin 
number. These conflicts can be resolved from the 
conflict resolution form, shown next. 


7 Refer to Section V, Appendix A, for command definitions for the AMD-supplied text editor. 
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CONFLICT RESOLUTION 


Output File line File Action Substitute 


aL "RENAME INPUT RESET “001 


Output File: Pin? CLOCK COMB 
Input File: Pin? CLOCK COMB 
RESOLUTION: RENAME INPUT -- In input file change 
‘PIN ? CLOCK COMB’ to ‘PIN ? CLOCK_001 COMB’ 


This form includes two columns with option fields and 
two columns with status fields. 


¢ Status fields: Output File and Input File 
¢ Option fields: Action and Substitute 


Output File: This column heading identifies the name under which 
combined data in the output buffer will be saved. 


Each status field in this column identifies a signal name 
that conflicts with a signal in the input buffer. Only 
conflicting signals are listed. However, you cannot 
activate or edit status fields in this column. 


Input File: 
This column heading identifies the file in the input 


buffer. 


Each status field in this column lists a signal name that 
conflicts with a signal in the output buffer. Again, you 
cannot activate or edit fields in this column. 
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Action 
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This column identifies the recovery for each signal 
conflict. The first item in this column is active when the 
form appears. Possible recovery actions include the 
following. 


e Rename input 
¢ Bind 


The default action is to rename the signal in the input 
buffer; this option fills each row when the form appears. 
The name that will be used appears in the Substitute 
column. 


Important: When you intend to use separate signals, 
you must rename one. 


If you intend to use the same signal, you must bind 
them together using a common signal name. 


To bind signals, you 


¢ Press [Tab] to highlight the action field that 
corresponds to the pertinent conflict, then display 
the options as usual. 


¢ Select Bind from the list. 


In this case, Bind appears in the action field and the 
name in the output buffer becomes the common 
name. You can change the common name as 
explained under Substitute. 


Wildcard appears as an action in a field when you 
specify no floating input pins as a setup option and two 
pins are assigned to the same pin location on the 
device. In this case, a question mark is automatically 
assigned to the pin location in the input buffer. To 
restore the pin location specified in the input buffer, you 
must edit the pin/node list after combining the files. 
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Important: Wildcard is not available on the list of 
options. 


Substitute The fields in this column identify the name that will 
replace every instance of the signal name in the input 
buffer. 


e If the action is to rename the input, the substitute is 
based on the naming strategy you specified using 
the Set renaming strategy command on the Setup 
menu. 


e If the action is to bind signals together, the 
substitute name is taken from the design in the 
output buffer. 


When the action is set to rename, you can change the 
substitute name by selecting this field and typing a new 
name. 


Status information Information at the bottom of the form identifies the exact 
pin or node statements in conflict and how the state- 
ment in the input buffer will change. For example, 
when you rename a signal the corresponding message 
reads as follows. 


RESOLUTION: RENAME INPUT ~ In input file change 
“PIN ? CLOCK COMB’ to ‘PIN ? CLOCK_O01 
COMB’ 


When you bind signals together, the corresponding 
message reads as shown below. 

RESOLUTION: BIND — pin definitions are identical 
In either case, the status at the bottom of the form 
reflects the automatic change. If you alter the action or 


substitute name, the status won't reflect this until you 
confirm, leave the field, and return to it. 


February 1991 CHAPTER 9, MENUS AND COMMANDS 9-25 


Bind Pins/Nodes You use this command to display the Bind form, shown 


next. You can use this form to bind signals of different 
names to a common signal name. Initially, this form 
includes only those signals you bound together using 
the Bind action on the conflict-resolution form. 


Output File Input File Action Substitute 
ie PDS 


Output File: Pin? CLOCK COMB 
Input File: Pin? CLOCK COMB 
RESOLUTION: BIND — In input file change 
‘PIN ? CLK COMB’ to ‘PIN ? CLOCK COMB’ 


This form is similar to the conflict resolution form; 
however the field types differ as follows. 


¢ Option fields: Output File and Input File 
¢« Status fields: Action and Substitute 


Output File This column heading identifies the name under which 
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combined data will be saved. 
Each option field in this column identifies a signal in the 


output buffer that is bound by a common name to a 
signal in the input buffer. 
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Blank fields are provided so you can bind signals with 
different names to a common name. When a blank 
field is active, you press [F2] to display a list of all 
signals in the file, then use arrow keys and [Enter] to 
select a name to fill in the field. An example follows. 


Output File Input File Substitute 
Super.PDS 


CLOCK COMB 
BIND — In input file change 
? CLK COMB’ to ‘PIN ? CLOCK COMB’ 


You repeat this process with the Input File column. The 
substitute name is taken from the output buffer. 


Input File This column heading identifies the name of the file in 
the input buffer. 


Each option field in this column identifies a signal in the 
input buffer that is bound by a common name to a 
signal in the combined design in the output buffer. 


Blank fields are provided so you can specify binding 


signals with different names to a common name, as 
described under Output File. 
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Action 


Substitute 


Status information 


Edit Pin/Node List 
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The option field in this column lists Bind when the form 
first appears. Options for this field include the following. 


« Bind 
« No action 


Bind is the default action. You can select the action 
field, display a list of options, and select No action to 
cancel the bind operation for associated signals. 


This status field lists the common name that will replace 
every instance of the original signal name in the input 
buffer. The common name is taken from the pin in the 
output buffer. The default substitute name is the one 
that's used in the output. You cannot edit the substitute 
name field in this form. However, you can edit the 
combined design later to change the common name. 


Information at the bottom of the form identifies the exact 
pin or node statements and how the statement in the 
input buffer will change. For example, 


RESOLUTION: BIND -- In input file change 
‘PIN ? CLOCK COMB’ to ‘PIN ? CLK COMB’ 


This command displays a form that includes the 
header, device type, and pin statements in the output 
buffer. This form looks and operates like the new PDS 
file declaration-segment form discussed under 9.2.1.1 
and shown opposite. 


You can use this form to edit information in the output 
buffer.® 


For example, the Bind form allows you to treat pins in 
the input and output buffers as the same pin; however, 
the common.name is taken from the pin in the output 
buffer. 


Refer to discussion 9.2.1.1 for details about using the text-based design form. 
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Title 
Pattern 


Author 


Company 


Date 


CHIP 


P/N 
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16 Bit Counter 
EXCNT2 
Revision A 


Gail 


ChipName = 


Number 


Name 


You can edit the combined data in the output buffer 
after you merge, to choose a new name for a pin. In 
addition, you can edit header information or the device 


type. 


The header information is taken from the first input file. 
Headers in all other input files are disregarded. 


Important: You can use a question mark, ?, in the 
number field to specify a floating pin or node location. 
The storage type and comment fields are optional. 


Also: If you enter new pin/node statements and run out 
of empty fields, just press [F10] to save the current 
changes and return to the merge process, then select 
Edit pin/node list again to display the form. Each time 
you enter this form, 20 empty pin/node fields become 
available. 


PIN/NODE 


ADVANCED MICRO DEVICES 
09/02/90 


EXCNT2 Device= |MACHI110 


Type Comment 


REGISTERED 
REGISTERED 
REGISTERED 
REGISTERED 
REGISTERED 
REGISTERED 
REGISTERED 
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Setup Menu 


Options 


Set renaming strategy 


Pin sort order 


Float pins on input 
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This menu provides commands you use to set up the 
merge environment. 


When you select this command the form below appears 
listing the options you can set. 


The pin-sort order field is an option field that determines 
how signals are listed in pin/node statements when you 
want to edit the pin/node list. Available options are 
listed below. 


OPTIONS DEFINITIONS 


Read order List names in the order in 
which they are read. 


List names In reverse read 
order. 


Last pin first 


Sort the list by pin number, 
then name. 


Pin number, name 


Sort the list alphabetically by 
name. 


Name 


This is a Yes/No text field. Other entries are not 
accepted. 


e Y, the default, specifies floating all pins on input. 


In this case, pin numbers specified in the design file 
are changed to a question mark, ?, to indicate 
floating. 


¢ N specifies using the pin numbers assigned in the 
design file. 
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Recommendation: It is best to float pins on input to 
eliminate pin location conflicts. However, if you do not 
float pins on input and there are two pins assigned to 


the same location, the location in the input file will be 
floated automatically. You must then edit the pin/node 
list in the combined file after merging to restore the 
Original pin location. 


Reuse input files This is a Yes/No text field field. Other entries are not 
accepted. 


¢ Y lists the names of all files when you use the Get 
next input file command. 


In this case, when you type either *.* or *.PDS into 
the file name form, followed by [Enter], the resulting 
list contains the names of all files. 


e —N, the default, ensures the names of files merged 
during this session do not appear in the file name list 
that appears when you get the next input file. 


set Renaming Strategy This command allows you to redefine the strategy for 
default substitute signal names. When you select this 
command, the form below appears. 


The field contains the default specification, which 
means that substitute signal names will be composed of 
all or part of the existing name, an underscore 
character, and a three-digit number: name_001. 


¢ $is replaced with the original name. When 
necessary, the name is truncated so the entire 
resulting name does not exceed 14 characters. 
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9.2.1.4 Change 
Directory 


Begin new design 
Retrieve existing design 
a design files 


Delete specified files 
Set up .. 
Go to system 


Quit 


¢ # ensures that unique names are produced and 
should be included in any naming strategy. If 
existing signal names include numbers, these 
numbers are automatically skipped when substitute 
names are produced. 


¢ __ allows you to quickly spot substitute names and 
the numbers assigned. 


All files are stored in, and retrieved from, the current 
working directory; all commands operate on the files in 
the current working directory. 


When you select this command to change the current 
working directory, a form appears with a text field that 
identifies the path to the current directory. 


C\PALASM\EXAMPLES 


You can replace all or part of the existing path name with 
a new one. The new path name must include a valid 
drive, directory, and subdirectory. 


After you confirm the new path, the specified directory 
becomes the current working directory. Depending on 
the setup you've defined using the Set up and Working 
environment commands, the new path may appear in the 
lower-right corner of the screen. 
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9.2.1.5 Delete This command initiates a process to delete specified 
Specified Files files from the current working directory. When you 
select this command, a form appears listing all process- 
related files. Design files are not listed. 


Begin new design - Schematic-process files are created when you 


Retrieve existing design convert schematic data to a PDS file. 
Merge design files 


Change directory 


¢ Text-process files are created when you compile or 
simulate a PDS file. 

Set up... 

Go to system ¢ Output files show various process results you may 

Quit be interested in viewing. 


¢ Others *., in the left column, is an option field where 
you Can type a specific file extension that’s not 
listed. 


DELETE SPECIFIED FILES 


This Utility deletes all files in the current directory 
with the following extensions when ‘Y’ is selected. 


SHEMATIC TEXT 
PROCESS FILES PROCESS FILES OUTPUT FILES 


Y Y N 
Y Y N 
Y a N 
Y Y N 
Y Y N 
Y Y N 
Y N 
Y N 


*% 


Names are identified by file extension. The text field 
beside each extension contains the letter Y, Yes, or N, 
No; all files marked with a Y will be deleted. The 
default is to delete all files except those listed under 
Output files, which includes results you may be 
interested in viewing. 
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9.2.1.6 Set Up 


Begin new design 
Retrieve existing design 
Merge design files 
Change directory 
Delete specified file 


Compilation options 
Simulation options 
Logic synthesis options 


When you confirm the information in this form, the 
designated files are deleted. 


This command allows you to identify software- 
environment and process preferences. For example, 
you Can suppress certain forms that might otherwise 
appear each time you begin compilation or simulation. 
In addition, you can identify a preferred editor and 
communication program over those supplied by AMD. 


The submenu that appears when you select this 
command offers additional choices as explained below. 


This command is used to specify preferences for your 
working environment. When you select this command, 
the form below appears providing text fields that display 
the specifications currently in effect. 


Editor program: C:\PALASM\EXE\ED.EXE 


RS-232 communication program: 


C:\PALAS MEXE\PC2,. EXE 


Provide compile options on each run: Y 


Provide simulation options on each run: 
Display design information window: 


Turn system bell on: 
Generate netlist report: 
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Y 
Y 
N 
Y 
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Editor program: This field specifies the path name to the text editor you 
use to create and edit PDS, simulation, and other text 
files. The default path name identifies the location of the 
AMD-supplied text editor.2 


¢ — If you change the path, a preferred editor will be 
available for viewing and editing files. 


¢ — If the path you supply is incomplete or incorrect, the 
editor will not be found. 


RS-232 communication ... This field provides the path name to the software that’s 
required to communicate with the device programmer 
when you download the JEDEC file. The default path 
name identifies the location of the AMD-supplied 
communication program. 


¢ — If you change the path, a preferred program will be 
used during the download process. 


¢ If the path you supply is incomplete or incorrect, the 
program will not be found. 


Provide compile options ... This field specifies when to display the form that defines 
compilation options. 


¢ Y displays the form each time you select either the 
Compile or Both command from the Run menu. 


¢ Ndisplays the form only when you select the Set up 
command from the File menu followed by the 
Compilation options command from the submenu. 


Provide simulation opt ... This field specifies when to display the form that 
identifies the simulation-file option. 


« Y displays the form each time you select either the 
Simulation or Both command from the Run menu. 


9 Refer to Section V, Appendix A, for a summary of the AMD-supplied text editor commands and 
operations. 
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Display design informa ... 


Turn system bell on: 


Generate netlist report: 
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« Ndisplays the form only when you select the Set up 


command from the File menu followed by the 
Simulation options command from the submenu. 


Current design information includes the working 
directory, input format, design file name, and device 


type. 


¢ Y displays current information in the lower-right 
corner of the screen. 


¢ _N suppresses the information. 


A bell tone can warn you of syntax errors and illegal 
actions while working with the software. 


e Y sounds the tone. 
¢ —N suppresses the tone. 


A netlist report is generated when schematic data is 
converted to a PDS file. 


¢« Y generates the report. 
¢ _N suppresses the report. 


Upon confirmation, you're returned to the Setup 
submenu. Specifications take effect as soon as you 
confirm them, though it may not be obvious until you 
take a particular action. 
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Compilation Options 


Working environment 


Simulation options 
Logic synthesis options 


Log file name: 


You select this command to display the form that 
defines compilation options for the current design, as 
shown below. !° 


COMPILATION OPTIONS 
Log file name: PALASM.LOG 
Run mode: AUTO 
Process from 
Format: SCHEMATIC File: ORCADDMA.SCH 


Check syntax: N Merge mixed mode: 
Expand Boolean: N Minimize Boolean: 
Expand state: N Assemble: 


The form includes status, option, and text fields. 


¢ Two status fields in the center of the form identify 
the input format and file name. 


¢ One option field, Run mode, allows you to specify 
either automatic or manual compilation. 


¢ Text fields are provided so you can confirm or 
cancel options that will be used when you specify 
manual run mode. 


All error, warning, and status messages that scroll by 
during software processes are stored in the execution- 
log file named in this text field. The information stored in 
the log is replaced each time you run a new process. 


The default file name is PALASM.LOG. To retain 
additional versions, you can assign a different name 
using standard DOS naming conventions. To view any 
but the most recent log, you must use the Other 
command on the View menu. 


10 Depending on the working environment setup you’ve specified, the compilation form may appear 
automatically when you select either the Compile or Both commands from the Run menu. 
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Run mode: The list associated with this option field provides two 
choices: Auto and Manual. 


Automatic mode performs all functions to process a 
design and ignores specifications in the lower part of the 
Compilation Options form. 


Manual mode performs only those functions specified on 
the lower part of this form, though it may result in a less 
than optimal process and result. 


Check Syntax: This field specifies whether or not a syntax check is 
made on the PDS file. Any errors discovered during this 
check must be corrected before compilation can be 
completed. 


Expand Boolean: This field specifies expanding Boolean equations in the 
PDS file. Expansion means all equation definitions are 
expanded into individual equations. 


Expand State: A compiled PDS file contains only Boolean equations. 
This field specifies whether or not state-machine 
descriptions are expanded to Boolean equations. 


Merge Mixed Mode: This field specifies whether or not to merge a design that 
contains both Boolean and state-machine descriptions. 


Minimize Boolean: Minimization reduces a set of Boolean equations to a 
sum-of-products form that usually involves fewer product 
terms or literals. This field specifies minimizing Boolean 
equations in the PDS file. 
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Assemble: Assembly translates information in a .TRE file and 
produces a JEDEC fuse map file for all PAL and PLS 
device designs and a MACH report for all MACH-device 
designs. This option field specifies whether or not 
assembly is performed. 


If you’re working on a MACH-device design, a MACH 
Fitting Options form appears after you confirm options on 
the Compilation Options form. 


MACH FITTING OPTIONS 


OUTPUT: 

Report level Detailed 
SIGNAL PLACEMENT: 

Force all signals to float? Y 

Use placement data from Design file 


Save last successful placement <F3> 

Press <F9> to edit file containing Last sucessful placement 
FITTING OPTIONS: 

When compiling Run all until first success 


The MACH Fitting Options form specifies options 
unique to fitting MACH-device designs. The form 
includes status, option, and text fields. 


¢ Option fields allow you to specify preferences for 
output reports, signal placement, and fitting options. 


¢ One text field, Force all signals to float, allows you 
to specify either yes or no. 


¢ A Status field in the center of the form indicates you 
want to save the last successful placement. 


Report level This option field provides two report choices for MACH- 
device designs; the default is Detailed. 
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Force all signals to float? 


Use placement data from 


Save last successful placement 
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OPTIONS DEFINITIONS 


Brief Suppresses information 


Detailed Provides all available data on 
the fitting process 


This text field identifies whether the pin and node 
locations specified in the design file are used or ignored. 
If you type a Y in this field, the design-file placement is 
ignored and all pin and node locations are left floating; 
the software chooses locations automatically. 


This option field allows you to specify the source of the 
signal-placement data to be used during the next fitting 
process. 


Design file Use the pin/node statements 
in the PDS file. 


Last successful Use data in the .PLC file, 
placement from the last successful 
placement. 


Saved placement Use data in the .BLC file 
saved by pressing [F3] after 
an earlier successful fitting 
process. 


Note: You can override any of these placement options 
by typing the letter Y in the Force all signals to float 
field. 


Data generated during the last successful fitting process 
is automatically stored in a file named after the design 
with a .PLC extension: design.PLC. The PLC file is 
overwritten during each successful fitting process. 


This status field indicates you can permanently store 
the last successful placement in a file, named after the 
design with a .BLC extension. Press [F3] after a 
successful fitting process to create this file. This field 
cannot be selected. 
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Press [F9] to edit file containing You can edit the results of a successful placement to use 
during the next fitting process. For example, you can 
edit a pin placement to suit specific design constraints. 
This option field specifies which results are displayed in 
the text editor when you press [F9]. 


OPTIONS DEFINITIONS 


Last Successful Edit the PLC file, which con- 
tains the results of the last 
successful placement. 


Saved Placement 


Edit the BLC file, which con- 
tains the results of an earlier 
successful placement saved 
by pressing [F3]. 


The default is to display results in the PLC file from the 
last successful placement. This form must be visible 
when you press [F9]. 


When compiling This option field allows you to specify one of four fitting 
strategies; the default is Run untilist success: STD. 


OPTIONS | DEFINITIONS 


Use all fitting options Run all possible combinations; 
do not stop on first success. 


Run all possible combina- 
tions; stop at first success. 
Does not execute extra 

macrocell itterations. 


Run until 1st success: 
STD 


Run until 1st success: 
EXTRA 


Run all possible combinations, 
including extra macrocell 
itterations. Stops at first 
suCcCeSS. 


Choose a placement or 
resource specification from a 
new form that appears. 


Select one combi- 
nation. 


See the PALASM 4 Release Notes that accompany 
this software for more information on the Run until 1st 
success option. 


After you choose the Select one combination option, a 
form appears with additional specifications. All fields on 
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this form are text fields where you can enter Y, Yes, or 
N, No. The default in each case is Y, which enables 
the corresponding item. 


Maximize packing of logic blocks? Y 


Expand small PT spacing? Y 
Expand all PT spacing? Y 


Maximize packing of logic blocks? This field specifies packing as many macrocells as 
possible into each logic block versus holding some 
macrocells in reserve. 


e Y places as many macrocells as possible into each 
block. 


e N holds some macrocells in reserve. 


Expand small PT spacing This field allows more flexibility in choosing macrocell 
placements and switch-matrix paths for feedback 
signals. 


¢ Y leaves adjacent macrocells empty when functions 
with less than four product terms are placed. 


« Ndisables the option to leave adjacent macrocells 
empty. 


Expand all PT spacing This specification provides extra switch-matrix resources 
for intrablock routing. Additional resources are needed 
for designs that contain many inputs that feed multiple 
blocks. These resources can be reserved during signal 
placement by leaving adjacent macrocells empty. 


¢ Y skips one macrocell between each placed signal. 


¢« Ndisables the option to skip one macrocell 
between each signal.!1 


1 Refer to Section II, Chapter 5, for further details regarding these three fitting strategies. 


Fe ee eee 
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Simulation Options 


Working environment 
ompauon options 


are See Splions 


Use auxiliary simulation file: 
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When you select this command for non-MACH-device 
designs, a form appears that allows you to define where 
simulation commands are stored. 


Use auxiliary simulation file: N 


When you select this command for MACH-device 
designs, the form that appears has an additional option 
field. This additional field allows you to specify the 
source of the signal placement data to be used during 
simulation and test vector generation. 


Use auxiliary simulation file: N 


Use placement data from: Design file 


Simulation commands can be stored in a separate 
auxiliary file, named after the design with a .SIM 
extension. Though you can store commands 
separately anytime, it is particularly important to do so 
in the following instances. 


e When you merge multiple PDS files into a single 
MACH-device design, the simulation segments are 
automatically removed. 


You can use existing simulation commands within 
each design as a guide to produce a separate 
auxiliary simulation file. 


¢« When creating schematic-based designs for MACH 
devices, no simulation commands appear in the 
resulting PDS file. 


Subsequent debugging and compilation overwntes 
the resulting PDS file so it’s best to store simulation 
commands in a separate file. 
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Use placement data from: 


Logic Synthesis Options 


Working environment 
Compilation options 


OPTIONS DEFINITIONS 


This option field allows you to identify the source of the 
signal placement data needed to generate test vectors 
during simulation. For MACH-device designs, test 
vectors will not be generated if signal placement data is 
not available. You can choose from three options. 


Use the pin/node statements 


Design file 
in the PDS file. 


Use data in the .PLC file, 
from the last successful | 
placement. 


Last successful 
placement 


Use data in the .BLC file 
saved by pressing [F3] after 
an earlier successful fitting 


Saved placement 


When selecting one of the above options, the following 
considerations apply. 


¢ — If the design file specifies any pins as floating, use 
this option field to select the placement data in 
either the .PLC or the .BLC files. 


¢ If the design file specifies any pins as floating and 
you select the Design file option, test vectors will 
not be generated during simulation unless you first 
back annotate signal placement data from either 
the .PLC or .BLC files. 


This command allows you to specify preferences for 
pairing, gate splitting, register optimization, polarity, and 
treatment of unspecified default conditions. 


When you select this command, a form appears that 
contains text and option fields that display specifications 
currently in effect. 
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LOGIC SYNTHESIS OPTIONS 


Use automatic pin/node pairing? N 
Use automatic gate splitting? N ...if ’Y’,Max=4 


Optimize registers for D/T-type Best type for device 
Ensure polarity after minimization is Best for device 
Use ’IF-THEN-ELSE’,’CASE’ defaultas Don’t care 


Use automatic pin/node pairing? This text field defines whether pairing a node with a pin 
is enabled or not. 


¢ Y specifies automatic input and output pairing. 
* Ndisables automatic pairing. 12 


Use automatic gate splitting? This text field allows you specify whether or not product 
terms are allocated from adjacent macrocells ina 
different block of the device during compilation. 


¢ Y enables gate splitting and allows you to specify 
up to the maximum number of product terms that 
can be allocated between MACH blocks. 


¢ Ndisables gate splitting. 


Max = This option field defines the total number of product 
terms that can be allocated between adjacent macrocells 
in different blocks when automatic gate splitting is 
enabled. Options include the following; 4 is the default. 


OPTIONS | DerITiONS 


Four product terms 
Eight product terms 
Twelve product terms 
Sixteen product terms 


Each macrocell contains four product terms. Therefore, 
gate width is defined as the number of product terms 


12 Refer to Chapter 10 for details about pairing a node with a pin. 
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Optimize registers for D/T-type 


Ensure polarity after... 


rounded up to the nearest multiple of four. The 
maximum gate width is device dependent. 


¢ A maximum gate width of 12 product terms is 
allowed for MACH 1 device designs. 


¢ Amaximum gate width of 16 product terms is 
allowed for MACH 2 device designs. 


This option field allows you to specify which register type 
is required for the design. You can choose from four 
options. 


OPTIONS DEFINITIONS 


As specified in design Leave design as specified. 
file 


D, change all to D-type | Convert flip-flops to D-type. 


T, change all to T-type Convert flip-flops to T-type. 


Best type for device Convert flip-flops first to one 
type then to the other, com- 
pare results, then choose 
best type based on utilization. 


This option field allows you to specify the polarity 
required for the design. You can choose from four 
options. 


OPTIONS DEFINITIONS 


As specified in design Leave as specified in the 
file design. 


Best for device Use both active high and 
active low, compare results, 
choose the one that results 
in fewest product terms after 
minimization. 


Low, active low Convert to active low 
polarity. 


Convert to active high polarity. 
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Use ‘IF-THEN-ELSE’, ’CASE"’... This option field allows you to specify how the software 
treats default values for the IF-THEN-ELSE and CASE 
statements. You can choose from two options; Don't 
care is the default. 


OPTIONS DEFINITIONS 


Don’t care Unspecified default condi- 
tions are assumed to be 
don’t care. 


Unspecified default condi- 
tions are assumed to be 
false. 


The don't-care option requires you specify both the on 
and off sets. The off option requires you to specify only 
the on sets; the software assumes all other conditions 
to be off. 


You may lose signals from the design If you select the 
Don't care-option and do not specify all of the default 
conditions. If the software treats these signals as don’t 
care, they will be eliminated from the design during 
logic reduction. 


Important: When translating designs created with 
PLPL, you must select the Off option because PLPL 
treats unspecified default conditions as false. 


Use fast minimization? 


This option allows the user to run an abbreviated 
version of the new Minimizer first introduced with 
PALASM 4 version 1.4. If itis OFF, a more exhaustive 
minimization is performed. Turn it ON only if an Out of 
memory error is generated or Minimizer compilation 
times are unusually long, change the fast Minimizer 
may produce equations with more product terms than 
the standard Minimizer did. 


er rc Er. 
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9.2.1.7 GoTo 
System 


Begin new design 
Retrieve existing design 
Merge design files 
Change directory 


Delete specified files 
Set up... 


Oey oe 
5 oi 


Begin new design 
Retrieve existing design 
Merge design files 
Change directory 
Delete specified files 
Set up... 

Go to system 


cater aerate rerets. 
State it eee) 

aR CD 
te a ECR) 


ee aera arene ae 
COO 
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displayed initiates the Quit command automatically. 


This command temporarily transfers you to the operat- 
ing system. Once there, you can peruse directories 
and use any other operating-system commands as 
usual. 


To leave the operating system, just type the word exit 
and press [Enter]. You're returned to the PALASM 
environment. 


The Quit command transfers you to a confirmation form 
before exiting the PALASM environment. 


° Y exits the PALASM environment and displays the 
operating system. 


¢ Nreturns you to the PALASM environment. 


Important: Pressing [Esc] when a top-level menu is 


February 1991 


9.2.2 EDIT MENU The Edit menu provides two kinds of commands that 
operate on the specified design in the current working 
directory. 


Text file ¢ Schematic editor command 


Schematic file a Schematic file 
Control file for schematic design 


Auxiliary simulation file 


° Tex itor man 
Other file ext editor commands 


Text file 

Control file for schematic design 
Auxiliary simulation file 

Other file 


Important: All commands on this menu operate on the 
current specified design. 13 


9.2.2.1 Text File This command transfers you to the text editor and loads 
the PDS file you specified using the Retrieve existing 
design command on the File menu. You can edit 
information in this file as usual. 14 


Schematic file ¢ If this is anew PDS file, some data may have been 
Control file for schematic design entered using the PDS declaration-segment form 


Auxiliary simulation file when the design was created. 
Other file 


¢ If the PDS file was converted from schematic data, 
information in the declaration segment is derived 
from the control file; equations were produced 
during either compilation or conversion. 


When you leave the editor, you're returned to the 
PALASM environment. 


13 Refer to discussions 9.2.1.1 and 9.2.1.2 for details about creating and retrieving designs. Refer to 
9.2.1.4 for details about changing the current working directory. 


14 Refer to Section V, Appendix A, for details about the AMD-supplied text editor. 
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9.2.2.2 Schematic This command transfers you to the OrCAD/SDT III 
File editor and loads the top-level schematic from the 
current specified design. 


All commands and options in OrCAD/SDT Ill operate as 
usual.!5 When you leave OrCAD, you're returned the 
PALASM environment. 


Control file for schematic design 
Auxiliary simulation file 
Other file 


Important: Any device type you specify in the 
schematic is ignored. The device type must be 
specified in the control file for the schematic. 


9.2.2.3 Control File This command transfers you to the control-file form for 
for Schematic Design the schematic-based design, as discussed under 
9.2.1.1. You can edit any field in the form to change 
information in the declaration segment of the resulting 
PDS file. 


Important: The device type must be specified in the 
control file for the schematic. Any device type you 
specify in the schematic is ignored. 


ere amulation file 
Other file 


Also: If you change the device type in the control-file 
form, the information in the lower-right corner of the 
screen is not updated until you run the next 


When you leave the form, you're returned to the 
PALASM environment. 


1S Refer to the OrCAD/SDT III Schematic Design Tools manual for details about using the schematic 


editor. 
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9.2.2.4 Auxiliary This command transfers you to the text editor and loads 
Simulation File the auxiliary simulation file for the current design. Ifa 
file named with a .SIM extension does not exist in the 
current directory, a blank file becomes available so you 
can enter simulation commands. '® 


Text file 
Schematic file 
outa! ie - penne eesign 


Oilie: File 


It's a good idea to produce and store simulation com- 
mands in a separate file under certain circumstances, 
for the following reasons. 


¢« When you combine PDS files into a single design, 
the simulation segment is stripped out of the 
combined PDS file. 


¢« When you enter a design as a schematic, each time 
you compile the design a new PDS file is produced 
sO any simulation commands you enter are lost. 


In either case, name the simulation file after the design 
and include a .SIM extension. 


When you leave the editor, you're returned to the 
PALASM environment. 


9.2.2.5 Other File Use this command to identify a specific file to view or 
edit. When you select this command, a form appears 
with a text field so you can specify the name of the file. 


Text file 


Control file for schematic design 


Auxiliary simulation file 


The intelligent text field in this form allows you to 
proceed using one of two methods. 


16 Refer to Section V, Appendix A, for details about the AMD-supplied text editor. 
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A. Type the complete file name. 


When you confirm the name, the file is loaded into 
the appropriate editor and made available on 
screen. 


or 


B. Display a list of files using one of the techniques 
below. 


¢ Press [Enter] to display a list of all files in the 
current directory. 


¢ Type part of a name, such as design.", to 
display a list of specific files, such as all files 
relating to the named design. 


¢ Type a different drive or directory path to 
display a list of files elsewhere. 


In any case, once you select a name from the 
resulting list, you're transferred to the appropriate 
editor and the file is automatically loaded. When 
you leave the editor, you're returned to the 
PALASM environment. 


9.2.3 RUN MENU This menu provides a list of operations you can perform 


Compilation 


Simulation 
Both 
Other operations ... 


on the current design. 


¢ Primary commands 
Compilation 
Simulation 
Both 
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¢ Secondary command 
Other operations ... 


The Other operations command displays a 
submenu of commands that perform secondary 
tasks, as discussed under 9.2.3.4. 


Important: All commands on this menu operate on the 
current specified design. 1/ 


Discussions below explain each command on the Run 
menu. 


9.2.3.1 Compile This command initiates the compilation process. 
Depending on the working environment options you 
specified, forms that define compilation and MACH- 
fitting options may appear automatically.18 


Simulation In any case, a window opens when the process begins 


Both and messages scroll by to keep you informed. 
Other operations ... 


Schematic designs 


A. Certain OrCAD utilities are run to check schematics 
for electrical design-rule violations and the verified 
schematic is converted into a PDS file. 


All designs 

B. Asyntax check is performed on the PDS file. 
C. Equations are expanded, then minimized. 

D. Assembly procedures are completed for PLD 


designs; the fitting process is performed for MACH- 
device designs. 


17 Refer to discussions 9.2.1.1 and 9.2.1.2 for details about creating and retrieving designs. Refer to 


9.2.1.4 for details about changing the current working directory. 


18 Refer to discussion 9.2.1.6, Set Up, for details about compilation options. 
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The device pin out and JEDEC files are produced if 
all processes are successful. Other files are also 
produced. 


9.2.3.2 Simulation This command verifies design logic using commands 
placed in either the simulation segment of a PDS file or 
in an auxiliary simulation file. However, no timing 
verification is done. 


 Similation: Depending on the working environment options you’ve 
Both set, a form may appear asking if you’re using an 


auxiliary simulation file. 


e  Y indicates you are using a separate simulation file. 


e N, the default, indicates simulation commands 
reside in the PDS file. 


When the process begins, a window opens and 
messages scroll by to keep you informed. Two types of 
files are produced during simulation that can help you 
debug your design. 


¢ Simulation data 
e¢ History Waveform display 


If the design has not been compiled before selecting 
this commana, it is first compiled, then simulated. 


a SAS SSS Sg a ea ee apn sacs 
9-54 PALASM 4 USER’S MANUAL, SECTION IV, SOFTWARE REFERENCE February 1991 


9.2.3.3 Both This command saves time when you want to compile 


and simulate the design at once. Depending on your 
Compilation 
Simulation 


automatically: compilation, MACH fitting, and simula- 


design and set up options, several forms may appear 
tion options. 


an oe ener ete et ere te tatalecareroretete 


When the process begins, a window opens and 
messages keep you informed, as usual. 


Other operations ... 


¢ All compilation functions are performed and output 
files are produced unless errors occur. 


¢ Simulation is performed and the simulation-results 
files are produced. 


| This command displays a submenu that lists secondary 
9.2.3.4 Other commands you can use to either debug a design or 
Operations recover a lost design. 


Convert schematic to text 
Back annotate signals ... 
Disassemble from ... 


Compilation 


Simulation 
Both 


Recalculate jedec checksum 
Translate from plpl 
Execute 


Discussions below define each command on the 


submenu. 
Convert Schematic to Schematic conversion ordinarily occurs each time you 
Text compile the design. However, this command converts 


data from the current specified schematic into a PDS 
file without compiling the design. 


When the conversion starts, a window opens and 
messages scroll by. A single PDS file is produced; 
however, a syntax check is not performed. 
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Back Annotate Signals 


Disassemble From 


This command pertains only to MACH-device designs. 
You use this command to display a list of options that 
indicate the source for signal-placement data. The data 
from the specified source replaces existing signal 
locations in the PDS file and pin out report. !9 


Change all to floating Ignore locations in the PDS file 
and float all pins and nodes. 


Use last successful Replace the locations in the 
placement pin/node statements in the 


PDS file with those from 
the PLC file. 


Take from saved Replace the locations in the 

placement pin/node statements in the 
PDS file with those from 
the BLC file. 


¢ The PLC file is created during the last successful 
placement; this file is overwritten during each 
successful fitting process. 


¢ The BLC file is created when you press [F3] after a 
successful placement and contains information 
from the PLC file. 


When you select a command from the submenu, the 
process is initiated. Upon completion, a window opens 
and provides status information. 


Note: If the software detects an error in mapping the 
signal placement data into the .PDS file, the results of 
the back annotation will be stored in a separate file with 
the name design.PBK. For example, defining unused 
signals in the PDS file or using an maa number will 
create this condition. 


This command displays a submenu with the two 
choices discussed below. 


19 Refer to discussion 9.2.1.6, Set Up, Compilation options, for details about signal back annotation 
on the MACH fitting options form. 
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Intermediate 


Input file name: 


Output file name: 


Device name: 
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The Jedec command converts JEDEC fuse data into 
Boolean equations, which is useful to reconstruct a 
design for which other files are missing. When you 
select this command, the form below appears with two 
text fields and an option field. 


Input file name: UDCNTR.JED 
Output file name: UDCNTR.PL2 


Device name: MACH110 


This field provides the name of the JEDEC file, which 
corresponds to the currently specified design name 
followed by a JED extension. A name in this field does 
not indicate the corresponding file exists. You can enter 
anew name to use a different file as input. You can 
enter *. JED to display a list of all JEDEC files in the 
current working directory. 


This field names the Boolean equation file created 
during disassembly. Again, the name matches the 
design followed by a .PL2 extension. You can enter a 
new name to store the results in a different file. 


This option field allows you to select the device type 
corresponding to the original design. JEDEC 
disassembly is not supported for all devices. You can 
only disassemble designs created for the devices on the 
option list, displayed by pressing [F2] in this field. 


Once you confirm specifications in the disassembly 
form, the process is initiated. 


Note: When JEDEC fuse data is converted to Boolean 
equations, the pin names, comments, and simulation 
vectors in the original PDS file are removed. 


Also: Entry formats, such as state machine, waveform, 
and truth tables, are converted to Boolean equations. 
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Recalculate JEDEC 
Checksum 


Input file name: 


Output file name: 


Device name 


When finished, a Boolean equation output file is stored 
in the current directory under the name you specified. 


The Intermediate command disassembles the 
intermediate file, PALASM2.TRE, so you can view the 
results of the minimization and expansion processes in 
a sum-of-products format. 


This command recaiculates the checksum in the 
JEDEC test-data file. When you select this command, 
the form below appears. 


Input file name: UDCNTRJED 
Output file name: UDCNTR.JDM 


Device name: MACH110 


This field contains the name of the JEDEC checksum 
file in the current directory, which corresponds to the 
current specified design name with a JED extension. A 
name in this field does not indicate the corresponding 
file exists. You can enter a new name to use a different 
file as input. 


This field contains the default name of the output file 
that will be created. Again, the name matches the 
design followed by a .PDS extension. You can enter a 
new name to store the results in a different file. 


This option field allows you to select the device type 
corresponding to the original design. Checksum 
recalculation is not supported for all devices. You can 
only recalculate the checksum for the devices on the 
option list, displayed by pressing [F2] in this field. 


Once you confirm specifications in the recalculation 
form, the process is initiated. When finished, a JDM file 
is stored in the current directory under the name you 
specified. 
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Translate from PLPL 


Input file name: 


Output file name: 


Execute 


February 1991 
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This command converts a PLPL design file into a PDS 
file. When you select this command, a form appears 
so you can enter the input and output file names. 


Input file name: * pid 


Output file name: PALASM.PDS 


This text field provides the name of the PLPL file, which 
corresponds to the current specified design name 
followed by a .PLD extension. A name in this field does 
not indicate the corresponding file exists. You can enter 
a new name to use a different file as input. 


This text field names the file that will be produced. 
Again, the name matches the design followed by a .PDS 
extension. You can enter a new name to store the 
results in a different file. 


Once you confirm specifications in the translation form, 
the process is initiated. When finished, a new PDS file 
is stored in the current directory under the name you 
specified. 


This command sets OrCAD/SDT III configuration 
options, such as the printer or plotter drivers, library 
prefix, etc. When you select this command, a form 
appears requesting a parameter. 


draft.exe /c[parameter] 


¢ Press [Enter] to display a blank parameter form. 


[Parameter] 


¢ Press [Enter] a second time to invoke OrCAD's 
configuration program. 


¢ Change options as usual, then update the informa- 
tion and quit. 


When you quit, you're returned to the PALASM 
environment.2° 


9.2.4 VIEW MENU The View menu provides commands to display all files 
related to the currently specified design. However, you 
cannot edit files in view mode. 


Execution log file * You can press [Esc] to dismiss the file and return to 


Design file the View menu. 
Reports ... 


Jedec data... 


« You can use the Go to system command on the 
Simulation data ... 


File menu to suspend to the operating system, then 
use the print command to print a file. Type exit and 
press [Enter] to return to the PALASM environment. 


Waveform display ... 
Current disassembled file 
Pinout 

Netlist report 


Brief definitions of available commands and other 
Other file information about each file are provided below. 


20 Refer to the OrCAD/SDT II! Schematic Design Tools manual for details about specifying options 


using DRAFT/C. 


ee a 
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9.2.4.1 Execution 
Log File 


pei file 
Reports .. 

Jedec data woe 
Simulation data ... 


Waveform display ... 
Current disassembled file 
Pinout 

Netlist report 


Other file 


9.2.4.2 Design File 


Execution log file 


Remee 
Jedec data .. 

Simulation data oe 
Waveform display ... 
Current disassembled file 
Pinout 
Netlist report 


Other file 
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This command displays the log file that contains all 
messages generated by the last software process run 
on the current design. 


The log file is rewritten each time you initiate a new 
process. All error, warning, and status messages 
appear as they are recorded. 


This command displays the current design file in the 
appropriate editor, either the text editor or the 
schematic editor. You can edit the file and print it using 
the associated editor commands. 


If you retrieved a schematic design and want to view 
the PDS version created during compilation, you must 
use the Other file command on the View menu. 
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9.2.4.3 Reports 


Execution log file 
Design file 


eet te tate a tetatat eta tetatetatete tet: 
ORM ie MRC eM et ae Oe 
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Jedec data... 
Simulation data ... 
Waveform display ... 
Current disassembled file 
Pinout 
Netlist report 


Other file 


Fuse Map 


Mach Report 


This command provides a submenu that lists the names 
of the files produced either during the PLD assembly or 
MACH fitting-process. 


This file provides both programmed and unprogrammed 
fuse data generated during the assembly process for 
non-MACH device designs. 


« The symbol for a programmed fuse is -. 
e¢ The symbol for an unprogrammed fuse is X. 


This file contains placement, block, and device pin-out 
information for MACH-device designs. The content of 
this file is controlled by the output-report specification 
on the MACH Fitting Options form, as shown below and 
discussed under 9.2.1.6. 


Report level Detailed 


nena 
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9.2.4.4 JEDEC Data This command displays a submenu that lists 
commands to view JEDEC fuse and vector data. 


Execution log file 


Design file 


Reports ... 


Simulation data ... 
Waveform display ... 
Current disassembled file 
Pinout 

Netlist report 


Other file 


Fuse Data Only The fuse data file is created during the assembly or 
fitting process. The information in this file is ina 
machine-readable format that you can download to 
program a device. 


Vectors + Fuse Data Vectors are added to the fuse file after a successful 
compilation and simulation. Information in this file 
includes the following. 


¢ Fuse data from the JEDEC fuse data file 
¢ Test vectors added during simulation that can be 
used to verify a device on a programmer 
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9.2.4.5 Simulation This command displays a submenu of commands to 
Data view the simulation history and trace files in a text 
format. 


The following information is presented in each file. 
Execution log file 


Design file ¢ Each instance of g represents the SETF command 
Reports .. in the simulation file. 


: ¢« Each instance of c represents a complete clock 
Waveform jay. cycle, which is defined by the CLOCKF command 
Current disassembled file in the simulation file. 

Pinout 

Netlist report 


Other file 


History The history file contains the behavior of all signals 
defined in the pin statements. Information in this file is 
divided into two columns. You can track values using 
the cursor, which is displayed as a thick vertical bar. 


¢ The left column lists pin names for each pin listed in 
the declaration segment of the PDS file. 


¢ The right column records the simulation results in 
text-format waveform. 


H = high 
L = low 
X = undefined 


Z = output disabled 


SS 
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9.2.4.6 Waveform 
Display 


Execution log file 
Design file 
Reports ... 

Jedec data ... 
Simulation data ... 


Pinout 
Netlist report 


Other file 
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The trace file contains the behavior of only those 
signals specified using the Trace command in the 
simulation segment or file. Again, you can track values 
using the cursor, which is displayed as a thick vertical 
bar. 


Information is displayed in the same text format as the 
history file. 


¢ The left column provides the pin names you 
specified using the Trace command. 


¢ The right column records high and low signals as a 
text-format waveform. 


L = low 
X = undefined 


Z = output disabled 
This command displays a submenu that lists the 
simulation waveform files. 
The following information is presented in each file.. 


¢ Each instance of g represents the SETF command 
in the simulation file. 


¢ Each instance of c represents a complete clock 
cycle, which is defined by the CLOCKF command 
in the simulation file. 
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History 


Trace 


9.2.4.7 Current 
Disassembled File 


Execution log file 
Design file 
Reports ... 

Jedec data... 
Simulation data .. 


Waveform display. 


Netlist report 


Other file 
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This file displays the simulation history of all signals 
defined in the pin statements in a graphic format. 
Again, you can track values using the cursor, which is 
displayed as a thick vertical bar. 


¢ The left column provides pin names for each pin 
listed in the declaration segment in a PDS file. 


¢ The right column records high and low signals 
graphically. 


This file displays only the simulation trace data in a 
graphic format. Again, you can track values using the 
cursor, which is displayed as a thick vertical bar. 


« The left column provides names of the pins you 
specified using the Trace command in the 
simulation segment or file. 


¢ The right column displays the simulation results 
graphically. 


This command lists the current disassembled file, if 
any, which contains the results of disassembling either 
the intermediate .TRE file or the JEDEC file. After 
selecting the name from the list, the file appears on the 
screen. 


ORCADDMA.PL2 
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9.2.4.8 Pinout 


Execution log file 
Design file 
Reports ... 

Jedec data... 
Simulation data ... 


Waveform display ... 


Netlist report 


Other file 


9.2.4.9 Netlist 
Report 


Execution log file 
Design file 
Reports ... 

Jedec data... 
Simulation data ... 


Waveform display ... 
Current disassembled file 
Pinout 


Other file 
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This file provides the device pin-out information in 
graphic form. For MACH-device designs only, this file 
also includes pin and node assignments for the 
specified device following a successful compilation. 


Note: For MACH-device designs, if you specified all 
pins as floating, you must first back annotate the PDS 
file with the signal placement that’s created during the 
fitting process, as discussed in 9.2.3.4. Otherwise, the 
pinout report shows all pins as NC, no connect. 


The netlist report is an intermediate file created when 
schematic data is converted to PDS format. This text 
file identifies the following. 

¢ Signal names as they appear in the schematic 


¢ Reference designators after annotation by OrCAD 
utilities 


¢ AMD-supplied macro type 


¢ Sheet information and X and Y locations on the 
sheet 


Note: This report is not created if you type the letter N 
beside the Generate netlist report field on the working- 
environment form. 


Generate netlist report 
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9.2.4.10 Other File 


Execution log file 
Design file 
Reports ... 

Jedec data... 
Simulation data ... 


Waveform display ... 
Current disassembled file 
Pinout 

Netlist report 


9.2.5 DOWNLOAD 
MENU 


This command allows you to view files not available 
through explicit commands on the View menu, including 
those in other directories. When you select this 
command, the form below appears. 


The intelligent text field in this form allows you to 
display a file using one of three methods.2! 


« Press [Enter] to display a list of all files in the 
current directory. 


¢ Type part of a name, such as design."*, to display a 
list of specific files, such as all files relating to the 
named design. 


¢ Type a different drive or directory path to display a 
list of files elsewhere. 


In any case, when you select a name from the list the 
file is displayed. 


The Download menu provides access to the commu- 
nication program specified in the working-environment 
form discussed under 9.2.1.6. 


You select this command to download a JEDEC file to a 
device programmer via the communications software. 
The Go command initiates loading the JEDEC file to a 
device programmer using one of the following 
packages. 


21 lf the specified file is a schematic, the file is loaded and displayed in the OrCAD/SDT III editor. In 
this case, you can edit or print the schematic, as usual. 
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9.2.6 DOCUMEN- 


TATION MENU 


9.2.6.1 
Topics 


February 1991 


Index of 


¢ The AMD-supplied PC2 programmer communi- 
cations software. 


RS-232 communication pro..... CAMACH\EXE\PC2.EXE 


e The programmer communications software that’s 
specified in the field of the working-environment 
form shown below. 


RS-232 communication program: C.... 


When you select this command, the communications 
software screen appears. When you leave the 
communications environment, you're returned to the 
PALASM environment. 


The Documentation menu provides access to online 
help. Three topics are available. 


Index of topics 
Language reference 
Help on errors 


Important: You select items from a menu using arrow 
keys to highlight the item and the [Enter] key to select it. 
In addition, you can use a mouse, in which case, you 
highlight the desired item and double click the left 
mouse button. However, you cannot select a menu 
item by typing the first letter. 


When you select this command, the on-line help index 
screen appears. Available topics are listed in a sub- 
menu. 


Topics include release notes, system configuration, 
troubleshooting techniques, etc. 
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When you select a topic from the submenu, such as 
release notes, the information appears and you can use 
PgUp or PgDn to scroll through the file. 


¢ You press [Esc] or select Resume to return to the 
Online Help Index. 


¢ You select Navigate to obtain error recovery or 
language reference information. 


¢ You press [Esc] or select Quit and respond Yes to 
the prompt to return to the PALASM menu. 


9.2.6.2 Language When you select this command, available language- 
Reference construct topics are listed in a sub-menu.22 


Important: You select items from a menu using arrow 
keys to highlight the item and the [Enter] key to select it. 
In addition, you can use a mouse, in which case, you 


highlight the desired item and double click the left 
mouse button. However, you cannot select a menu 
item by typing. 


When you select a construct, a brief overview appears, 
including the correct syntax and supported devices. 
Additional topics are listed across the top of the screen; 
status and prompt messages appear at the bottom of 
the screen. To select a topic, just move the cursor to 
the right or left and press [Enter]. 


The following discussions describe each topic that’s 
displayed. 


22 These topics are also described in Section IV, Chapter 10. 
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Overview 


Syntax 


Definitions 


Use 


Related Topics 


Previous Menu 


9.2.6.3 Help On 
Errors 
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A brief overview of the construct includes a sample 
syntax and list of supported devices. 


A repeat of the syntax and a simple example of its use 
in a PDS file are shown. 


Descriptors following the keyword are usually defined in 
their order of appearance in the statement. Definitions 
include exact syntax requirements and details about the 
results of using the construct when applicable. 


Note: If more than one screen is required to display the 
information, use the PgUp and PgDn buttons provided 


in the upper-right corner. You select a button by 


This topic provides details about using the construct. 


This command displays a menu of related topics you 
can refer to for additional information. Press [Enter] to 
go to a related construct. If none are listed a message 
informs you. 


This command returns you to the language constructs 
menu. To return to the documentation menu, either 


« Press [Esc] once and respond Yes to quit online 
help, or 


- Select Quit and respond Yes. 


This command searches the execution log file that’s 
generated during compilation for error and warning 
messages. The log file appears and the first message 
is displayed. 


¢ Select Next message for the next error explanation 
and recovery. 
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The total number of messages and the currently 
displayed message number appear in the lower- 
right corner. When the number of messages is 
greater than one, two additional commands appear: 
Next message, Previous message. 


¢« Select Prev message to display the previous error 
explanation and recovery. 


¢« Select the Browse file command and use the PgUp 
and PgDn buttons to scroll through the file. 


¢« Select Enlarge recovery to view a detailed 
explanation and suggested recovery. 


« Select Other to view additional error files or 
navigate to the Index of Topics or the Language 
Reference. 


« Toreturn to the Documentation menu, select either 
the Quit command or press [Esc], then respond Yes 
to confirm. 


9.2.7 [F1] FOR HELP Pressing [F1] transfers you to the online help and 
provides information about the use or function of the 
currently selected menu, command, option, text, or 
Status field. 


If more than one page is required to display all of the 
information, PgDn and PgUp buttons are provided in 
the lower right and upper-left corners. 


« Use the up or down arrow keys to activate a button 
and press [Enter] to select or use the [Page Up] 
[Page Down] keys. 


° Press [Esc] to return to PALASM. 
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10 LANGUAGE REFERENCE 


This chapter describes language elements available 
through the PALASM 4 software for all PLD- and 
MACH-device designs.’ Language elements are 
organized alphabetically by name and include the 
following information. 


¢ Name identifies a specific element and explains its 
purpose. 


¢ Syntax identifies the segment of the PDS file 
where the element is used and shows required and 
optional syntax and variables; an example of use in 
a PDS file is included. 


¢ Definitions describe each parameter and identifies 
specific syntax requirements. 


¢« Use provides additional details. 


Important: In the syntax boxes of this chapter, 


required information appears in all capital letters; vari- 
ables and optional information have initial caps. 


1 All information is also available at the workstation through Online Help. 
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OVERVIEW 
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The PALASM 4 software supports three kinds of design 
specifications. 


¢ Boolean equations 
¢ State-machine descriptions 
¢ Schematics 


Only text-based designs use the language elements 
described in this chapter. 


Important: A design entered as a schematic has its 
logic converted to Boolean equations during the 
compilation process. In addition, you can manually 
convert a schematic-based design to Boolean 

| equations. 


In any case, you can edit the resulting PALASM de- 
scription specification (PDS) file to modify the design. 
At that point, all file and language elements relating to 
Boolean-equation specifications apply. 


Text-based designs are described in PDS files, which 
are divided into several segments. 


February 1991 


All PDS files include a declaration segment and usually 
a simulation segment.2 These segments contain 
identical information regardless of the kind of descrip- 
tion you produce. Depending upon the type of design 
description you choose, the PDS file will contain an 
equations segment and/or a state segment . Files that 
contain both an equations segment and a state 
segment are referred to as mixed-mode designs.° 


The software is not case sensitive. You can enter any 
information using upper- or lowercase letters or a 
combination. For example, PALASM 4 treats the 
following as the same. 


¢« ABC 
e abc 
e Abc 


This chapter does not describe how to create a 

PDS file+ using the text editor, nor how to use the 
declaration-segment form,° available when you create 
a new text-based design. 


Refer to Section Il, Chapter 6, for details about when to include the simulation commands in a 
separate file rather than in the PDS file. 


3 Refer to Section II, Chapter 4, for details about producing mixed-mode designs. 


4 Refer to Section |, Chapter 2, for a step-by-step guide to producing a PDS file for both Boolean 
and state-machine designs. 


9 When you begin a new text-based design, a declaration-segment form appears, which you can 
complete to specify header information, PIN/NODE statements, chip name, and PLD or MACH- 
device type. Refer to Chapter 9, in this section, for details. 
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BOOLEAN-EQUATION 


The next figure identifies all elements available for use 


ELEMENTS in each segment of a PDS file for a Boolean-equation 
design specification. 
DECLARATION 
AUTHOR 
CHIP 
COMBINATORIAL 
COMMENT REGISTERED 
COMPANY REVISION 
DATE SIGNATURE 
DECLARATION STRING 
GROUP TITLE 
LATCHED VECTOR 
EQUATIONS 
BOOLEAN EQUATION OPERATOR 
EXPRESSION PRLD 
CASE .R EQUATION 
CLKF RSTF 
.CMBF SS EQUATION 
COMMENT SETF 
EQUATIONS T EQUATION 
FUNCTIONAL EQUATION T1 EQUATION 
GND T2 EQUATION 
IF-THEN-ELSE TRST 
J EQUATION VCC 
.K EQUATION VECTOR 
SIMULATION 
EXPRESSION PRLDF 
CHECK SETF 
CLOCKF SIMULATION 
COMMENT TRACE_OFF 
FOR-TO-DO TRACE_ON 
IF-THEN-ELSE VECTOR 
PRELOAD WHILE-DO 
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STATE-MACHINE The following figure identifies all elements available for 
CONSTRUCTS each segment of a PDS file for a state-machine design 
specification. 


DECLARATION 


AUTHOR NODE 

CHIP PATTERN 
COMBINATORIAL PIN 
COMMENT REGISTERED 
COMPANY REVISION 
DATE SIGNATURE 
DECLARATION STRING 
GROUP TITLE 
LATCHED VECTOR 


STATE 


EXPRESSION OUTF 

CLKF OUTPUT_ENABLE 
COMMENT OUTPUT_HOLD 
CONDITIONS START_UP 
DEFAULT_BRANCH STATE 
DEFAULT_OUTPUT STATE ASSIGNMENT 
LOCAL DEFAULT STATE EQUATIONS 
MASTER_RESET STATE TRANSITION 
MEALY_MACHINE VECTOR 
MOORE_MACHINE 


SIMULATION 


EXPRESSION PRLDF 
CHECK SETF 
CLOCKF SIMULATION 
COMMENT TRACE_OFF 
FOR-TO-DO TRACE_ON 
IF-THEN-ELSE VECTOR 
PRELOAD WHILE-DO 
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SPECIFYING The following rules apply to each pin or node for 
OUTPUTS IN IF- outputs defined in the IF-THEN-ELSE or CASE 
THEN-ELSE AND statement. 


CASE STATEMENTS 
Specify the desired output for each test condition of the 


IF-THEN-ELSE or CASE statement you want 
generated. 


Note: If you do not request a specific output, the 
software assumes either you do not care about the 

output for this condition, or the output for this condition 
is actually defined through some other equations. 


If you define the behavior of an output in an IF-THEN- 
ELSE or CASE statement, and then define it further 
using a Boolean equation or a separate IF-THEN-ELSE 
or CASE statement, you must obey certain rules. 
Specifically, you must avoid situations when both of the 
following occur. 


¢ More than one of the resulting equations can be 
simultaneously evaluated as true. 


¢ The output behavior defined in one equation 
contradicts behavior defined in the other. 


If you violate these rules, the software reports the 
following error message: Overlapping on/off covers 
(check equations for completeness).® 


Four Ways of You can specify the behavior of each pin or node as 
Specifying Outputs follows. 


1. Define the output as a function of the same inputs 
for each possible test condition. 


2. Define the output as a function of different inputs 
for different test conditions. 


6 Techniques for avoiding this error are discussed under the heading Avoiding Overlap Errors. 
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3. Define the output for some of the possible test 
conditions and not for others. 


4. Define the output two different ways for the same 
test condition. 


The following examples are given for the IF-THEN- 
ELSE statement, but they apply to the CASE statement 
also. The IF-THEN-ELSE statement is a special 
instance of the CASE statement in which IF and ELSE 
portions replace the individual test conditions of the 
CASE statement. 7 


Example 1 Defining the output as a function of the same inputs for 
each possible test condition. 


IF X = 0 THEN 
BEGIN 


END 


0 ;equivalent to Q = GND or /Q = 1 or /Q = VCC 


The software interprets this statement as follows. 


¢ When X = 0, output Q is high when the expression 
A * B evaluates as true, and low when the 
expression A * B evaluates as false. 


¢ When X = 1, output Q is always low. 


The statement is reduced to the following Boolean form. 


Q=A * B */X 


7 Refer to TUTOR6.PDS and TUTOR7.PDS in the PALASM\EXAMPLES directory for additional 
examples of IF-THEN-ELSE and CASE statements. 
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Example 2 


IF X = 0 THEN 
BEGIN 


Example 3 
IF X = 0 THEN 
BEGIN 


END 
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This statement is then combined with any other 
equations for Q by the minimizer. 


Defining the output as a function of different inputs for 
different test conditions. 


The software interprets this statement as follows. 


¢ When X = 0, output Q is high when the expression 
A* B evaluates as true, and low when the 
expression A * B evaluates as false. 


¢« When X = 1, output Q is high when the expression 
C * D evaluates as true, and low when the 
expression C * D evaluates as false. 

The statement is reduced to the following Boolean form. 
Q=C*D*X+A*B*/X 


This statement is then combined with any other 
equations for Q by the minimizer. 


Defining the output for some of the possible test 
conditions and not for others. 


; No ELSE condition or no output 
; equation 
; in some of the CASE conditions 
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IF X = 0 THEN 
BEGIN 


February 1991 
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The software interprets this statement as follows. 


¢« When X = 0, output Q is high when the expression 
A* B evaluates as true, and low when the 
expression A * B evaluates as false. 


e When X = 1, output Q is undefined. Inthe 
Karnaugh map, don't-care values are used for all 
map locations where X = 1, unless a location is 
defined by other equations for Q. 


This statement is reduced to the following Boolean 
form. 


Q=A * B */X + "don't care” * X 


This is then combined with any other equations for Q by 
the minimizer. In the event that there is no other 
equation for Q, this equation reduces to Q = A* B, in 
which case output Q is no longer a function of input X. 
This occurs because of the don't-care values 
introduced by omitting the definition of output Q when X 
= 1. If you want output Q to remain a function of X, 
rewrite the IF-THEN-ELSE statement, adding the ELSE 
clause shown below. 


Example 4 Defining the output two different ways for the same test 
condition. 


IF X = O THEN 
BEGIN 


Q = 0 ;equivalent to Q = GND or /Q = 1 or /Q = VCC 


Here, the designer has defined explicitly when the 
output should be high or low, when X = 0. The software 
interprets this statement as follows. 


¢ When X = 0, output Q is high when the expression 
A* B evaluates as true, and low when the 
expression input A is low. 


¢ When X = 1, output Q is always low. 


This statement is reduced to the following Boolean 
form. 


Q=A*/X 


This statement is then combined with any other 
equations for Q by the minimizer. Note that output Q is 
no longer a function of input B. This occurs because 
the software assumes don't-care values for all 
conditions that are not covered by the equations 


Q= A*B and/Q=/A, where X = 0. 


Avoiding Overlap The following example shows how two separate IF- 

Errors THEN-ELSE statements can interact to produce an 
Overlapping on/off covers (check equations for 
completeness) error. This error is typically caused by 
unrealizability, as illustrated in the following example. 
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IF A = 1 THEN 
BEGIN 


Method 1 


IF A = 1 THEN 
BEGIN 


END 


IF /A * B THEN 
BEGIN 


END 
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A problem occurs when both A and B are high and C or 
D or both C and D are low. In this situation, the first IF 
statement tells output Q to go low, while the second IF 
statement tells the same output to go high. Since Q 
cannot be high and low simultaneously, the equation 
set is unrealizable. 


There are several ways to avoid problems of this 
nature, as described next. 


Make it impossible to have more than one 
IF-THEN-ELSE or CASE statement evaluate as 
true simultaneously. 


;Condition /A prevents both IF 
;statements from evaluating as 


strue simultaneously. 
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Method 2 Make it impossible for the output specifications to 
conflict by always using the same output equation. 


IF A = 1 THEN 
BEGIN 
;This output equation... 
END 


IF B = 1 THEN 
BEGIN 


;...1S identical to this. 
END 


SYNTAX AND In this chapter, all language elements are presented in 
EXAMPLES two forms, as shown below. 
Syntax 

Output_pn Assignment Operator Expression 
Example 

EQUATIONS 
/02 = Il * 12 * 13 
+ 14 * 15 


¢« The syntax area shows the syntactical name of 
each element needed to complete the statement, 
and shows the proper order. 


¢« The example provides a sample as it is used ina 
PDS file. 


Important: Spacing is exaggerated in the samples 
shown in this chapter for readability. For example, tabs 
separate each element in the example to align it with 
the corresponding identifier above. In most cases, 
however, blanks can be used as separators in the 

PDS file. 
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You may not use curly braces, { }, inside IF-THEN- 
ELSE or CASE statements. Instead of the curly-braced 
shorthand, the right side of the referred-to logic 
equation must be copied in full as the right side of the 
equivalent logic equation (as in output pairing). Also, 
even though it is legal to do so, it is not recommended 
that you use curly braces outside IF-THEN-ELSE and 
CASE constructs to refer to an equation that is not 
defined inside of such constructs. The result may not 
what you expect or desire. 
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ASSIGNMENT The assignment operator is a symbol that defines a 

OPERATOR specific operation interpreted by the software when 
processing design files. There are several assignment 
operators, which perform different functions depending 
on the software operation and where the operator 
appears. 


Devices Supported: All PLD devices. 


SYNTAX | You can use the assignment operator in equations, as 
shown below, and in state and conditions segments of 
a PDS file for either Boolean or state-machine 


descriptions. 

Syntax 

Pn Assignment Operator Expression 
Example 

QO = EXT1 

Ql := EXT2 

Q2 += EXT3 
Definitions The various assignment operators are defined below. 
Assignment Operator The := and *= operators are provided to support older 


PLD designs that include a pin list not containing a 
storage type. 
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ASSIGNMENT OPERATOR 


This universal assignment operator agrees 
with any data-storage type: Combinatorial, 
registered, or latched. 


You can use this assignment operator in 
expressions whether or not the PIN or NODE 
statements contain a storage type. This 

operator is best suited to new designs. 


This assignment operator defines a registered 
output. The signals in the expression must 
be defined in either the PIN or NODE statement 
as registered. Otherwise, an error occurs and 
processing stops. 


This assignment operator defines a latched 
output. The signals in the expression must be 
defined in either the pin or node statement as 

latched or an error is reported during processing. 


USE In the equations segment, the assignment operator 
performs two functions. 


¢ It defines the output on the left side of the equation 
as a function of the various inputs and feedback 
signals listed on the right side. 


¢ It defines the output storage type. 


You can assign the storage type in a PIN or NODE 
statement. In this case, you can use the universal 
assignment operator, =, in equations or expressions. If 
you use the := or “= operators, they must agree with the 
storage type defined in the PIN or NODE statement or 
an error occurs. 
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ASSIGNMENT OPERATOR 


You can use assignment operators in the STATE and 
CONDITIONS statements in the state-machine designs, 
as shown below. 


STATE 
MOORE_MACHINE 


ZERO.OUTF = /CNT2 * /CNT1 * /CNTO 
CONDITIONS 
CNTUP = ENABLE * CNT_UP 
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AUTHOR This keyword defines the name of the design’s author. 
This statement is useful for documenting the design. 


Devices Supported: All PLD devices. 


SYNTAX You can use the AUTHOR statement only in the 
declaration segment, as shown below.® 
Syntax 
AUTHOR Designer 
Example 
TITLE 
PATTERN 
REVISION 
AUTHOR Karen Olsen 
COMPANY 
DATE 
Definitions Only the descriptor following the keyword, Author, is 
discussed. 
Designer Designer defines the name of the individual who 
created the design. Observe the guidelines below. 
¢ Include the AUTHOR statement and the designer 
name in either Boolean or state-machine files or in 
the schematic-control file form. 
e« Place the statement and name in the order 
specified in the example above, following 
REVISION and preceding COMPANY. 
e Use any combination of up to 59 alphanumeric 
characters and the period character. 
8 


Refer to Chapter 9, in this section, for details about the declaration-segment form for new text- 
based designs and the schematic-control form for new schematic-based designs. 
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AUTHOR 


Reserved words are allowed within this statement; 
however, do not use any punctuation or symbols 
other than the period. 


USE The following error conditions pertain to the AUTHOR 
statement. 


¢ Without the AUTHOR statement, the software 
issues a warning and continues processing the file. 


¢ With multiple AUTHOR statements, the software 
issues an error and stops processing the file. 
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BOOLEAN These equations are used to define the desired logic 

EQUATION functions produced at the outputs. Boolean equations 
form the backbone of any PDS file containing a 
Boolean description.? 


Devices Supported: Ali PLD devices. 


SYNTAX You use Boolean equations in the equations segment 
of a PDS file, following the keyword EQUATIONS. 


Syntax 
Output_pn Assignment Operator Expression 
Example 
/02 = Il * 12 * 13 
+ 14 * 15 

Definitions All parameters are described below. Additional details 
are provided under Use. 

Output_pn Output_pn is the name of an output pin or node defined 
in the declaration segment of the PDS file. Once 
defined, you can include the name in a Boolean 
equation to define how this output is to be used. !° 

Assignment Operator The assignment operator is a symbol that defines a 


specific operation as interpreted by the software when 
processing design files. 11 


9 Refer to BOOLEAN EQUATION and EXPRESSION, in this chapter, for additional details. 


10 Refer to NODE and PIN, in this chapter, for details about including a forward slash, /, to define 
polarity. 


11 Refer to ASSIGNMENT OPERATOR, in this chapter, for more information. 
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BOOLEAN EQUATION 


Expression Expression is a group of signals or product terms, on 
the right side of an equation, separated by logical 
operators.'2 The product operator, *, denotes a logical 
AND function and the sum operator, +, denotes a 
logical OR function. You can use strings and vectors in 
an expression. 


All values in an expression for a PLD design are signal 
names that must be defined before their use. The name 
must be defined in PIN and NODE statements in the 
declaration segment of the PDS file. 


USE The following conventions should be observed. 


e Place a Boolean equation in any order, unless it’s a 
substitution, in which case you must define the 
substitute expression before using it. 


¢ Follow the structure shown in the syntax example; 
however, you can include strings and vector 
notation. 


a. Include either blanks or a tab character before 
and after the assignment operator. 


b. Use an equal sign as the assignment operator. 
The software determines storage type, either 
registered, combinatonal, or latched, from the 


PIN and NODE statements in the declaration 
segment. 


12 Refer to EXPRESSION, in this chapter, for additional details. 
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BOOLEAN EQUATION 


¢ Include up to 80 characters per line in each equa- 
tion and include as many lines as necessary. 


You can place the expression on a separate line. 


You can use the following high-level language 
statements and constructs to specify logic behavior. 
These are converted to Boolean equations during 
software processing. 


¢ CASE 

¢ FOR-TO-DO 

¢  IF-THEN-ELSE 
¢ WHILE-DO 


State equations are another high-level representation 
of logic behavior for state-machine designs. When you 
compile a state-machine design, state equations are 
converted to Boolean equations. 


Functional equations are a type of Boolean equation 
that defines an input. Functional equations have a 
similar format but a different use. '9 


13 Refer to the following topics, in this chapter, for additional details: COMBINATORIAL, 
EXPRESSION, FUNCTIONAL EQUATIONS, LATCHED, REGISTERED, and STATE 
EQUATIONS. 
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CASE This keyword provides a condition-testing structure 
for Boolean equations. The CASE statement more 
efficiently supports multiple values than the nested 


IF-THEN-ELSE statement. 


Devices Supported: All PLD devices. 


SYNTAX You can only use the CASE statement in the equations 
segment of Boolean designs. 
Syntax 
CASE (Condition Signals) 
BEGIN 
Value: BEGIN 
Action statement 
END 
Value: BEGIN 
Action statement 
END 
Keyword: BEGIN 
Action statement 
END 
END 
Example 
CASE (A,D) 
BEGIN 
0: BEGIN 
C=A*B 
END 
3 BEGIN 
C=A+B8 
END 
2 BEGIN 
C=1 
END 
OTHERWISE: BEGIN 
C=0 
END 
END 
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CASE 


Definitions You can use groups, vector notation, and strings in a 
CASE statement. Parameters following the keyword, 
CASE, are defined below; additional details appear 
under Use. 


Condition Signals Condition signals define a set of signals, which are 
tested against a list of values, to determine subsequent 
actions in following statements. 


The set is concatenated into a single binary value using 
signal values as individual bits. Each signal value in 
the set is represented by a name and has a binary 
value of either 0 or 1. Each signal name can be either 
an input or an output. The following rules must be 
observed. 


¢ Follow the keyword in a CASE statement with the 
condition signals. 


e Enclose signal names or vector notation in 
parentheses separated by commas: for example, 
(A,B,C[0..4]) 


Important: Signal names or vector notation must 
be separated by commas. 
¢ Define each signal name or vector notation and it’s 


value in a PIN or NODE statement in the 
declaration segment. 


Value Value defines the constant in the subsequent action 
statement. This value is tested against the present 
value of the condition signals to determine whether that 
action is taken or skipped. The rules below apply. 


« The value can be any constant; however, do not 
duplicate values. 
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CASE 


Action Statement 


OTHERWISE 


4Ara_oe DALAGCLLLIICE FIO AZAAH IAL CPATIAAI NS CArPTUIANRE Reer-rmriunAar 


The default constant is decimal. Non-decimal 
constants are expressed with the following prefixes. 


#b Binary 
#h Hexadecimal 
#o Octal 


All values are converted to binary during 
compilation. 


e« The value must end with a colon and precede an 
action statement. 


The action statement defines the logic for a particular 
condition-signal value. This logic is implemented when 
the value preceding this statement matches the current 
value of the condition signals. The following rules 


apply. 


e Precede each action statement with a value. 
¢ Enclose each statement with BEGIN and END. 


Action statements inside the BEGIN and END block can 
be any expression that is valid within the equations 
section of the design. 


An action is a series of any legal PALASM statements 
within the equations section. 


Use this keyword to identify the beginning of an optional 
statement indicating the action for default values of the 
CASE statement. When you define every possible 
value, you do not need this statement. However, any 
unspecified conditions are assumed to be don't care; 
they are not assumed to be false. Signals for which 
default conditions are not specified are eliminated from 
the design during the logic-reduction process. 


, age Se hme amn qfhihid 


CASE 


The OTHERWISE statement generates the condition as 
identified and shown below. 


¢ OR all conditions for values defined in action 
statements before this statement. 


¢ Complement the entire OR term, then AND it with 
the right side of the OTHERWISE statement. 


CASE (A,D) 
BEGIN 
0: BEGIN C 


Ss BEGIN C 

2: BEGIN C 

OTHERWISE: BEGIN C 
END 


At each clock cycle, or anytime the signals change, the 
condition signals (A,B) are evaluated. When the value 
of the signals matches the value in one of the following 
action statements, the logic defined in that statement is 
implemented; otherwise, C = 0. 


The previous example is expanded during compilation 
into the following Boolean equation. 


Cc = (VCC * /A * /B) 
+ /(VCC * A * B) 
+ (0D * /(/A * /B + A * B)) 


USE You can specify how the software treats default values 
for CASE statements by selecting one of two options on 
the File/Set up/Logic synthesis options form, as follows. 


OPTIONS DEFINITIONS 


Don’t care Unspecified default conditions 
are assumed to be don’t care. 


Off Unspecified default conditions 


are assumed to be false. 
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CASE 
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The don't-care option requires you specify both the on 
and off sets. The off option requires you to specify only 
the on sets; the software assumes all other conditions 
to be off. 


You may lose signals from the design if you select the 
don’t-care option and do not specify all the default 
conditions. If the software treats these signals as don't 
care, they will be eliminated from the design during 
logic reduction. 


important: When translating designs created with 


PLPL, you must select the off option because PLPL 
treats unspecified default conditions as false. 


You can nest CASE statements within IF-THEN-ELSE 
statements and other CASE statements. 


CASE (A,D) 
BEGIN 
0: BEGIN C=A*B END 
i CASE (C,D) 
BEGIN 


0: BEGIN E=C*D END 
de BEGIN E=C+D END 
OTHERWISE: E=] END 
END 
OTHERWISE: C=0 END 
END 
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CASE 


There is no limit to the number of nested statements 
you can include in a design; however, too many levels 
of nesting may cause you to run out of memory. !4 


lf any equations are incompletely specified or 
ambiguous, the unspecified signals are assumed to be 
don't care. This increases the amount of logic 
reduction possible during the minimization process. 
However, if you have not fully evaluated the 
consequences of these don’t-care signals, the 
equations resulting from compilation may be different 
than you intended. 15 


14 Refer to the following topics, in this chapter, for additional details: GROUP, IF-THEN-ELSE, and 
VECTOR. 


15 Refer to Chapter 9, in this section, for details about default options for CASE and IF-THEN-ELSE 
statements on the Logic Synthesis Options form. 
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CHECK This keyword in a simulation command verifies signal 
values at the pin are equal to expected values. 


Devices Supported: All PLD devices. 


SYNTAX You use the CHECK command in either the simulation 
segment of a PDS file or in an auxiliary simulation file 
for Boolean, state-machine, or schematic-based 
designs. 


Syntax 


CHECK Prefix_pns 


Example 


STIMULATION 
CHECK 01 /02 *03 %04 PLAYING 


DEFINITIONS If the signal being tested is defined with the same 
polarity as in the Pin/Node declaration segment, the 
signal is checked to verify it is a logical 1. If the 
polarity is reversed, the signal is checked to verify it 
is a logical 0. 


Note: The syntax examples are valid only if the signals 


are defined as active-high in the Pin/Node declaration 
segment. 


Parameters following the keyword are defined below. 
Additional details are provided under Use. 


Prefix Prefix indicates the logic state of the corresponding pin, 
node, or state. Do not leave a blank between Prefix 
and pns. There are four prefixes: null, forward slash, /, 
caret sign, *, and percent sign, %. 


40..40 DAI AQAA 4IICLED'C MAAITIAL COATINAL IV CACTUsADGS DCCCOrAInC EC nbeerian, 1004 


CHECK 


¢ The null prefix indicates an active-high signal is 
checked to verify it is a logical 1. In the syntax 
example, O1 has a null prefix. 


When used in conjunction with a state name, a null 
prefix indicates the specified state should be 
checked. In the syntax example, PLAYING has a 
null prefix. 


e The forward slash, /, indicates an active-high 
signal is checked to verify it is a logical 0. Inthe 
syntax example, O2 has a forward-slash prefix. 


e The caret sign checks the corresponding signal for 
a high-impedance state. High impedance occurs 
when a three-state buffer on an I/O pin is disabled. 
In this case, the letter Z appears in the simulation 
files to indicate the high-impedance state. In the 
syntax example, O3 has a caret prefix. 


e The percent sign checks the corresponding signal 
for a don't-care state. A don't-care condition occurs 
when combinatorial logic is not initialized. In this 
case, the letter X appears in the simulation files to 
indicate the don't-care state. In the syntax 
example, O4 has a percent prefix. 


Pns Pns defines the names of the pins, nodes, or states to 
be verified. 


¢ Each signal name can be up to 14 characters in 
length. 


e Include up to 76 characters per line and use as 
many lines as you need. 


The screen displays up to 76 characters per line; 
however, all information is processed properly even 
if it extends beyond the 76th character. 
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CHECK 


USE 


e Include a blank between the keyword and the first 
pin, node, or state in the list. 


You can include multiple pin and node names. 
You can use strings or vector notation to define the 
signal list. 


¢ Separate multiple prefixed pin and node names 
with a blank. 


The CHECK command verifies values of the defined 
signal at the pin. In contrast, the CHECKQ command 
verifies values at the Q output of a register. 


If the signal being tested is defined with the same 
polarity as in the Pin/Node Declaration segment, the 
signal is checked to verify it is a logical 1. If the polarity 
is reversed, the signal is checked to verify it is a logical 
0. 


A conflict occurs when the value at the pin does not 
match the expected value. Each conflict is identified 
with a question mark, ?, in the simulation output files; a 
warning is issued and the expected value is reported in 
the execution-log file. 16 


The CHECK command verifies logical operations only 
and does not add test vectors in the JEDEC file. 17 


16 Refer to Section II, Chapter 4, for additional details. 


17 Refer to TEST, in this chapter, for details about creating test vectors in JEDEC files. 
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CHECKQG 


SYNTAX 


Syntax 


CHECKQ Prefix_rns 
Example 


SIMULATION 
CHECKQ QO /Q1 PLAYING 


DEFINITIONS 


Prefix 
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This keyword in a simulation command verifies values 
at the Q outputs of registers are equal to expected 
values. 


Devices Supported: All PLD devices. | 


You use the CHECKQ command in either the 
simulation segment of a PDS file or in an auxiliary 
simulation file for Boolean, state-machine, or 
schematic-based designs. 


Parameters following the keyword are defined below. 
Additional details are provided under Use. 


Because CHECKQ verifies signal values at the Q 
output of registers, you do not need to account for 
active-low pin declarations. This makes CHECKQ 
especially useful for verifying states. 


The prefix indicates the logic state of the corresponding 
register, node, or state. Do not leave a blank between 
Prefix and rns. There are two prefixes: null and 
forward slash. 


February 1991 
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CHECKQ 


e The null prefix indicates the register or node should 
be a logical 1. In the syntax example, QO has a 
null prefix. 


When used in conjunction with a state name, a null 
prefix indicates the specified state should be 
checked. In the syntax example, PLAYING has a 
null prefix. 


e The forward slash indicates the signal should be a 
logical 0. In the syntax example, Q1 has a forward- 
slash prefix. 


Rns defines the names of the output registers, nodes, 
or states to be verified. Each value represents both the 
signal name or state and the expected output value. 


¢ Each signal name can be up to 14 characters in 
length. 


e Include up to 76 characters per line and use as 
many lines as you need. 


The screen displays up to 76 characters per line; 
however, all information is processed properly even 
if it extends beyond the 76th character. 


¢ Include a blank between the keyword and the first 
register, node, or state in the list. 


You can include multiple register and node names. 
You can use strings or vector notation to define the 
signal list. 


¢ Separate multiple prefixed register and node names 
with a blank. 
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CHECKQ 


USE 
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The CHECKQ command verifies that signal values at 
the register outputs are equal to the expected values. 
In contrast, the CHECK command verifies pin and node 
values at the output pin. 


Because CHECKQ verifies signal values at the Q 
output of registers, you do not need to account for 
active-low pin declarations. This makes CHECKQ 
especially useful for verifying states. 


A conflict occurs when the value of the output register 
does not match the value defined in the CHECKQ 
command. Each conflict is identified with a question 
mark in the simulation output files; a warning is issued 
and the expected value is reported in the execution log 
file. 


The CHECKQ command verifies logical operations only 
and does not create test vectors in the JEDEC file. 


February 1991 
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CHIP 


SYNTAX 
Syntax 
CHIP 
Example 
TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 
CHIP 
Definitions 
Name 
18 


This keyword introduces the statement that defines the 
chip name and the PLD or MACH device for the design 
being created. 


Devices Supported: All PLD devices. 


You use the CHIP statement in the declaration segment 
of either Boolean or state-machine designs 18 


Name Device 


Counter PALCE22V10H-25 


The CHIP statement must follow the DATE statement 
and precede PIN and NODE statements. Parameters 
that follow the keyword are defined below. 


Name assigns a chip name that conforms to the rules 
below. 


¢« Use up to 14 alphanumeric characters in the PDS 
file. The first character cannot be numeric. 


Do not use operators, reserved words, Carriage 
returns, tabs, or blanks. 


Refer to Chapter 9, in this section, for details about the declaration-segment form for new text- 


based or control-file form for schematic-based designs. 
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CHIP 


Device Device assigns a valid AMD device name, such as 
PAL16R8. 


¢ The name must conform to the basic device 
number. Power, speed, package, and operating 
range designators are optional.19 


USE The software cannot process a design file if it does not 
contain a CHIP statement. Errors can cause the 
software to misinterpret the CHIP statement and, often, 
the PIN and NODE statements. 


19 Refer to the specific device datasheet for the correct device name. 
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_CLKF This reserved word defines a clock signal for a pin or 
node. The operation differs depending upon the 
device you've chosen.2° For example, for devices 
with programmable clocks, you can use .CLKF to assert 
the clock on a flip-flop. 


Devices Supported 


PAL16RA8 PAL20RA10 PAL26V12 PALCE29M16 PALCE29MA16 PAL32VX10 
PALCE610 PLS30S16 MACH 1 MACH 2 


SYNTAX You use this reserved word in a functional equation in 
the equations segment of Boolean and state designs or 
in any registered-latched design. 


Syntax 

Pn.CLKF Assignment Operator Expression 
Example 

Q0.CLKF = EXT 

Definitions All parameters are defined below. 

Pn.CLKF Pn.CLKF assigns a pin or node name followed by the 
reserved word .CLKF. The name must be defined in an 
earlier PIN or NODE statement in the declaration 
segment. A forward slash before the pin or node name 
defines a falling edge clock. The absence of a forward 
slash defines a rising edge clock. 

Assignment Operator The assignment operator is a symbol that defines a 
specific operation as interpreted by the software when 
processing design files.2! 

20 


Refer to Chapter 11, in this section, for more information regarding .CLKF statements. 


21 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 
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-CLKF 


Expression Expression includes the signal name or expression that 
defines the clock source. 


Important: In PLDs with multiple clocks, you must 


specify the clock pin; don’t use an expression. 


All values in an expression for a PLD design are signal 
names that must be defined in earlier PIN and NODE 
statements.22 In the syntax example, when EXT is 
true, the clock associated with Q0 is asserted. 


USE Multiple .CLKF statements for the same pin or node are 
automatically ORed together into one statement. This 
can result in an error during either assembly or fitting. 


If no clock pin is defined using the .CLKF instruction, 
registered outputs default to the nominated default pin 
for the specified device.2° 


Note: For devices without a default clock pin, such as 
the PAL20RA10, you must define a clock pin. 
You can use a group, string, or vector notation to define 


signals, which is an excellent way to assign a functional 
equation to several pins.24 


The next example shows how to use vector notation. 


22 Refer to NODE and PIN, in this chapter, for details about including a forward slash to define 
polarity. 


23 Refer to Chapter 11, in this section, for details regarding default clock pins. 


24 Refer to FUNCTIONAL EQUATIONS and GROUP, in this chapter, for additional details. 
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;DECLARATION SEGMENT 
PIN 14..16 Qf0..2] 
PIN 8..10 CLK{O..2] 


;EQUATIONS 
__Q(0..2}).CLKF CLK(O.. .2] 


This generates the following equations. 


Q[0.CLKF = CLK]0] 
Q1[1].CLKF 7 CLK{1] 
Q[2].CLKF = CLK[2] 


The following example shows how to use a STRING 
statement. 


;DECLARATION SEGMENT 
STRING IN1 ‘Al * A2’ 


; EQUATIONS 
Q0.CLKF 


This generates the following equation. 


QO.CLKF = Al *A2 


The following example shows how to use a GROUP 
statement. 


;DECLARATION SEGMENT 
GROUP CLOCKS A 


; EQUATIONS 
CLOCKS .CLKF 


This generates the following equations. 


A.CLKF = D*E 
B.CLKF = D*E 
C.C.KF = D*E 


February 1991 


February 1991 


CHAPTER 10, LANGUAGE REFERENCE 


10-43 


CLKF This keyword identifies which clock is used for the 
synchronized operation of the state machine. 


Devices Supported 


PAL26V12 PALCE29M16 PALCE29MA16 PALCE610 PLS30S16 MACH 1 
MACH 2 


SYNTAX You can use this statement only in the state segment of 
state-machine designs. 


Syntax 
CLKF Assignment Operator Clock_pin 
Example 
CLKF = CLK1 
Definitions Parameters following the keyword are defined below. 
Assignment Operator The assignment operator is a symbol that defines a 
specific operation as interpreted by the software when 
processing design files.2° 
Clock_pin Clock_pin is the pin you define as the clock source for 


the state machine.26 


¢ Specify the name exactly as it’s defined in the PIN 
statement in the declaration segment. 


e Place a forward slash before the equation to select 
a falling edge clock. For example, 


/CLKF = CLK1 


25 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 


26 Refer to the specific device datasheet to determine which pin to use. 
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CLKF 


Note: To define a falling edge clock for PAL29M16, 
ou must use NCLKF instead of the forward slash. 


USE Without a CLKF equation, you cannot specify a non- 
default clock pin if you use automatic state-bit 
assignment. 

This equation creates clock assignments for both state 
bits and output registers. 27 
27 


Refer to BOOLEAN EQUATION and .CLKF, in this chapter, for additional details. 
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CLOCKF 


This command generates a clock pulse on dedicated 
clock pins during simulation. Three test vectors are 

generated: raise clock, propagate output, and lower 

clock. In the simulation trace and waveform files, the 
letter c appears in the header over the first vector for 
each pulse. 


Devices Supported 


PAL16R4 
PAL20R6 


PAL16R6 
PAL20R8 
PAL23S8 
PALCE29MA16 
PLS30S16 


PAL22V10 
PALCE29M16 
PLS168 


SYNTAX You include this command in the simulation segment or 
auxiliary simulation file of Boolean and state-machine 
designs. 

Syntax 

CLOCKF Clock_pin 

Example 

CLOCKF CLOCK 

Definitions Only details about the clock pin are provided below. 

Clock_pin Clock_pin defines the name of the clock pin used in the 
PIN statement of the declaration segment. You can 
also use groups and strings. On some devices, this pin 
can be either an input or a clock, as described under 
Use. 

Important: You use a blank to separate multiple pin 
names; no comma is needed. 
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PAL16R8 
PAL20V8 
PAL24R4 
PAL32VX10 
MACH 1 


PAL20R4 
PAL20X1 
PAL26V12 
PLS167 


PAL16V8 
PAL20X4 
PAL24R8 
PALCE610 
MACH 2 


PAL18U8 
PAL20X8 
PAL24R10 
PLS105 


CLOCKF 


The CLOCKF command is similar to the SETF 
USE command ,28 except that CLOCKF generates a low-to- 
high-to-low pulse. 


Important: You cannot use a CLOCKF command for 
registered devices without clock pins. These devices 
require two SETF lines to generate the CLOCKF pulse. 


¢ If you do not use a SETF command to set the clock 
signal low before clocking the register, the first 
Clock pulse has no effect. 


¢ If you design a system using multiple banks of 
independent clock pins and you connect these pins 
externally for synchronous clock cycles, you must 
list all clock pins in the CLOCKF command to 
synchronize these banks during simulation. 


¢ — If you do not specify a clock pin in the CLOCKF 
command, the nominated default clock pin for that 
device is used. 


Some devices, such as the PAL30S16, include a pin 
you can configure as either an input or a clock. 


¢ If you define the pin as a clock pin using a 
corresponding .CLKF command , the CLOCKF 
command generates a clock pulse for that pin. 


e — If you define the pin as a clock input on the 


PLS30S16, you can still use the SETF command to 
create a test vector for that pin. 


28 Refer to SETF, in this chapter, for additional details. 
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-CMBF This reserved word allows you to customize a flip-flop 
for dynamic register bypass. 


Devices Supported: PAL32VX10. 


SYNTAX You include this functional equation only in the 
equations segment of either Boolean or state designs. 


Syntax 


Pn.CMBF Assignment Operator Expression 


Example 


OUT1.CMBF = IN4 * /IN3 


Definitions All parameters are defined below. 


Pn.CMBF Pn.CMBF is a pin or node name followed by the 
reserved word .CMBF. The name must be defined in 
an earlier PIN or NODE statement in the declaration 
segment. 


¢« You cannot use negative polarity on the left side of 
the equation. 


¢ You can use the group, string, and vector notation 
features to define signals, which is an excellent way 
to assign this statement to several pins and nodes. 


Assignment Operator The assignment operator is a symbol that defines a 
specific operation as interpreted by the software when 
processing design files.29 


Expression Expression is the logic you define to be bypassed. In 
the syntax example, when IN4 and /INS are true, OUT 1 
is true and the flip-flop associated with OUT1 is 
bypassed. 


29 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 
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.CMBF 


The .CMBF statement overrides the registered pin or 
node type you defined in the PIN or NODE statement in 
the declaration segment.3° The default case is set to 
combinatorial. 


If you have multiple functional equations for the same 
pin or node, an error occurs during assembly. 


30 Refer to the following topics, in this chapter, for additional information: BOOLEAN EQUATION, 
COMBINATORIAL, EXPRESSION, FUNCTIONAL EQUATIONS, and REGISTERED. 
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COMBINATORIAL 


SYNTAX 
Syntax 
Pn Number 
Example 
PIN 14 
NODE 15 
Definitions 
Storage 


This optional reserved word defines the output type for 
devices with programmable outputs. When a pin or 
node is defined as combinatorial, the logic output is 
immediate; the output value is not stored. 


Devices Supported: All devices except the PAL16R8, 
PAL20R8, PAL20X10. 


You include the optional reserved word in the PIN or 
NODE statement of Boolean and state-machine 
designs. 


Location_name Storage 
OUTI COMBINATORIAL 
OUT2 COMB 


Only the reserved word COMBINATORIAL is discussed 
below.31 


Assign COMBINATORIAL as a value to define a 
specific pin or node storage type. Combinatorial is also 
the default when you do not specify a storage type. 


« Place the reserved word COMBINATORIAL after 
the pin or node name in the corresponding 
statement. 


e Use either the complete word COMBINATORIAL or 
the four-letter abbreviation, COMB. 


31 Refer to the following topics, in this chapter, for additional details: DECLARATION SEGMENT, 


NODE, PIN, and STORAGE. 
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COMBINATORIAL 


There are two ways to enter the storage type. 


e Use the declaration segment form, select the 
Storage field, display the option list, and select an 
option. 


¢ Type the storage value in the appropriate PIN or 
NODE statement in the PDS file using a text editor. 
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COMMENT A comment can explain a statement in the PDS file to 
assist you or another designer when editing or 
debugging the design. 


Devices Supported: All PLD devices. 


SYNTAX You can place comments anywhere in the design file. 


Syntax 


; Comment 
Example 


;State setup and defaults 

MOORE MACHINE 

DEFAULT_BRANCH HOLD_STATE ;defines default state as holding 
;State Assignments 


Definitions Details about comments follow. 


Comment A comment is any combination of alphanumeric 
characters, symbols, or punctuation preceded by a 
semicolon. The software ignores everything in the line 
following the semicolon. A comment can be several 
lines in length; however, each new line must begin with 
a semicolon. 


USE You can use comments to separate the various 
segments in either a Boolean or state-machine design. 
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COMPANY 


This keyword begins the statement to define the name 
of the author’s company. 


Devices Supported: All PLD devices. 


SYNTAX You use this keyword in the declaration segment of 
either a Boolean or state-machine design. 
Syntax 
COMPANY Company Name 
Example 
TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY Advanced Micro Devices, Inc. 
DATE 
CHIP 
Definitions Only the descriptor following the keyword, COMPANY, 
is discussed. 
Company Name The company name is optional and includes any 
combination of up to 59 alphanumeric characters. 
e You can use other symbols or punctuation; 
however you cannot use the dollar sign, $. 
e You can use reserved words in this statement. 
USE There are two ways to enter the company name. 
e Use the declaration segment form, select the 
company field, and type the name. 
e Type the company name after the AUTHOR 
statement and before the date in the PDS file using 
a text editor. 
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COMPANY 


The following error conditions pertain to the COMPANY 
statement. 


¢ Without a COMPANY statement, a warning is 
issued and processing continues. 


« With multiple COMPANY statements, an error is 
reported and processing stops.32 


32 Refer to the following topics, in this chapter, for additional details: AUTHOR, DATE, 
DECLARATION SEGMENT, PATTERN, REVISION, and TITLE. 
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CONDITIONS This keyword identifies the beginning of the state 
transition equations segment. 


Devices Supported: All synchronous registered PAL 
devices. 


SYNTAX This keyword must begin the condition-equations 
segment, and it must be the last part of the state 
segment in a PDS file. 


Syntax 
CONDITIONS 
Name Assignment Operator Expression 
Example 
STATE 
CONDITIONS 
QRUN = a2 * /Q1 * /Q0 
+ Q3 * 02 
+ Q3 * Ql 
+ 03 * 00 
Definitions All parameters following the keyword CONDITIONS are 
identified below. 
Name Condition equations define the branching conditions 


that determine transitions and outputs. 
e Ensure each name is unique. 
e Include up to 14 alphanumeric characters. 


¢ Do not include operators or reserved words. 


33 Refer to the following topics, in this chapter, for additional details: DEFAULT_BRANCH, 
DEFAULT_OUTPUT, LOCAL DEFAULT, OPERATOR, STATE, STATE EQUATIONS, and 
STATE TRANSITION EQUATION. 
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CONDITIONS 


Assignment Operator The assignment operator is a symbol that defines a 
specific operation as interpreted by the software when 
processing design files.24 


Expression Assign a Boolean expression to define the condition.35 


¢ All signal names in the expression must be defined 
in PIN and NODE statements in the declaration 
segment of the PDS file. 


¢ Parentheses are allowed in the expression. 


¢« VCC canbe specified for unconditional-high 
signals. 


¢ Multiple product terms are allowed in the 
expression. 


USE Condition equations define condition names used in 
state transition equations, as shown in the next 
example. 


Sl := Cl -—> $2 
C2ia-$3 


CONDITIONS sbegin conditions segment 
C1 =11 
C2 = /Il 


If the condition consists of a single input, the input 
name can be used in place of a condition name. As 
shown in the next example. 


S4 := [13 -> S5 


34 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 


35 Refer to EXPRESSION, in this chapter, for more information. 
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CONDITIONS 


If the condition consists of more than a single input, you 
must write a condition equation and use the condition 
name in the state transition equation. 


You must avoid conflicting conditions when branching, 
as shown below; the design must be changed to 
prevent overlapping conditions. In this example, it is 
impossible to determine whether S1 goes to S2, or S1 
goes to S3, when A, B, and C all equal 1 or 0. 


sconflicting conditions example 
$1 := Cl -> S82 
+ C2 => $3 


CONDITIONS ;begin conditions segment 
Cl A * 8B 
C2 A*C 
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DATE This keyword begins the statement that identifies the 
creation date of the design. 


Devices Supported: All PLD devices. 


SYNTAX You use this keyword in the declaration segment of 
either a Boolean or state-machine design. 
Syntax 
DATE Creation Date 
Example 
TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 01/09/91 
CHIP 
Definitions Only the descriptor following the keyword DATE is 
discussed. 
Creation Date The creation date is a set of numbers that represent the 


month, day, and year the design was created or edited. 
The date may be entered as any 60-character string. 
Place the DATE statement after the COMPANY 
statement and before the CHIP statement. 
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DATE 


USE The following error conditions pertain to the DATE 
statement. 


e Without a DATE statement, a warning is issued and 
processing continues. 


¢ With multiple DATE statements, an error is reported 
and processing stops.36 


36 Refer to the following topics, in this chapter, for additional details: AUTHOR, DATE, 


DECLARATION SEGMENT, PATTERN, REVISION, and TITLE. 
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DECLARATION 
SEGMENT 


SYNTAX 


Pin / Node statements(s) 


The declaration segment is the first segment of any 
PDS file. It identifies basic design information, the chip 
name and device type and PIN and NODE statements 
required to process the design, and special definitions. 
A form automates entry of this information when you 
begin a design. 


Devices Supported: All PLD devices. 


This segment is required for all designs and must be 
the first segment in the PDS file. 


;special definitions 


Example 


TITLE 16 Bit Counter (up/down); preplaced w/standard settings 


PATTERN XS.PDS 
REVISION 2 

AUTHOR Gail Tiberi 
COMPANY Mystique, Inc. 
DATE 08/09/90 

CHIP Counter 

PIN 2 INP1 REG 

NODE ? INP2 COMB 


SIGNATURE = V2_5/90 


STRING INI] ‘Al + /A2 + A3’ 
GROUP BANK1 OUT1, OUT2 


Definitions 


PAL16R6 
Pin Declarations ------------------------------ 


Groups of descriptors within the declaration segment 
are discussed next.37 


37 Refer to the following topics, in this chapter, for additional details: AUTHOR, CHIP, COMPANY, 


DATE, GROUP, NODE, PATTER 


N, PIN, REVISION, SIGNATURE, STRING, and TITLE. 
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Design Information 


Pin Declarations 


Special Definitions 


DECLARATION SEGMENT 


Design information includes statements that document 
basic information about the design. The following 
statements must appear in the order shown below. 


° Title 

¢ Pattern 

e Revision 

¢ Author 

¢ Company 

« Date 

¢ Chip Device 


These statements can be useful in describing the 
function of the design. 


PIN and NODE statements required to process the 
design must follow the device type. Each statement 
defines the name, location number, and optional 
storage type assigned to each device pin in the design. 


Special definitions are optional statements you can 
include after PIN and NODE statements in the 
declaration segment.38 


« STRING statements can be used with any device. 
¢ GROUP statements can be used with any device. 
¢ SIGNATURE statements are device specific. 


Though not required, it is a good idea to place each 
statement on a separate line. These statements can 
appear in any order. 


38 Refer to the following topics, in this chapter, for additional details: GROUP, SIGNATURE, and 


STRING. 
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DECLARATION SEGMENT 


USE The following error conditions can occur. 


¢ If design information is incomplete, a warning is 
issued during processing. 


¢ If multiple information statements appear, 
processing stops. 


e lf PIN and NODE statements are incomplete or 
incorrect, processing stops. 


¢ For PAL and PLS devices, the signal list maps into 
a DIP package. For MACH devices, it maps into a 
PLCC package. 
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DEFAULT BRANCH This keyword begins the statement that defines the 


global default branch for state machines. There are 
three possibilities. 


¢ Aspecific state 

¢ The present state 

« The next state listed on the left side of the state 
transition equation 


The default branch will be executed if none of the 
conditions in the transition equation are satisfied and no 
local default is defined. 


This statement can also utilize the complement array of 
certain devices. 


Devices Supported: All synchronous registered PAL 
devices. 


SYNTAX Include the keyword once only, anywhere in the state 
segment of state-machine designs. 


Syntax 
DEFAULT_BRANCH State Comp 
DEFAULT_BRANCH HOLD_STATE 
DEFAULT_BRANCH NEXT_STATE 
Example 
STATE ;State Setup and Defaults 
DEFAULT_BRANCH INIT ;defaults to INIT state 
DEFAULT_BRANCH INIT Comp ;uses complement array 
DEFAULT_BRANCH HOLD_STATE ;defaults to present state 
DEFAULT_BRANCH NEXT_STATE ;defaults to next state 
Definitions The next discussions explain parameters following the 


keyword DEFAULT_BRANCH. For more information 
about the various states and how they are used, refer to 
Use. 
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DEFAULT_BRANCH 


State State defines the default state enabled when the next 
state cannot be determined from the transition 
equations. The state name must adhere to the 
following guidelines. 


e It must be unique. 
¢ It caninclude up to 14 alphanumeric characters. 
¢ — It cannot include operators or reserved words. 


Comp Comp defines the name of the complement array node, 
which must be listed in the pin and node statements. 
This use results in shorter equations and fewer product 
terms; however, it slows device performance. 


e You can use a complementary array node only for 
the PLS105, PLS167, PLS168, and PLS3016. 


e You cannot use the complement array when 
specifying the next or hold state branches. 


HOLD STATE When the next state cannot be determined from the 
transition equations, the machine will remain in its 
present state. 


If no DEFAULT_BRANCH or local default branch are 
defined, the default becomes HOLD_STATE. 


NEXT STATE When the next state cannot be determined from the 
transition equations, the machine will transition to the 
next state listed in the PDS file. 
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DEFAULT_BRANCH 


The software recognizes two types of default states, 
global and local.°9 


A local default state applies to a specific state and 
overrides the global default. 


Using a DEFAULT_BRANCH statement can eliminate 
typing a LOCAL DEFAULT statement for each 
state. 


The global default state applies to all states. 


The following guidelines apply. 


When the next state cannot be determined from the 
design, the local or global default provides the state 
so the machine knows where to branch next. 


When you include multiple DEFAULT_BRANCH 
statements, only the last one is used. 


Note: DEFAULT_BRANCH does not work for 
undefined states. 


39 Refer to the following topics, in this chapter, for additional details: DEFAULT_OUTPUT, LOCAL 
DEFAULT, .OUTF, OUTPUT_HOLD, and STATE. 
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DEFAULT OUTPUT This keyword begins the statement that defines a global 
default, allowing you to specify the next output-pin 
value when the value cannot be determined from the 
design. 


Devices Supported: All registered PAL devices. 


SYNTAX You include this keyword at the beginning of the state 
segment in state-machine designs. It must follow setup 
statements and precede state-assignment equations. 


Syntax 
DEFAULT_OUTPUT Output_pins 

Example 
STATE ;State Setup and Defaults 
DEFAULT_OUT PUT /OUTI1 ;state Equations 

Definitions Only the parameter following the keyword is defined 

below. 
Output_pins Output_pins defines default output pin values when 


they are not defined in the current state. You must 
separate output pin values with a blank; multiple blanks 
are reduced to one. You can specify the values you 
want regardless of polarity; polarity is adjusted 
automatically during processing. 


¢ If you specify the output value with nothing before 
the pin name, a logical 1, or high, is assumed. 


¢ If you specify the output value by placing a forward 
slash before the pin name, a logical 0, or low, is 
assumed. 
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USE 


DEFAULT_OUTPUT 


Note: If the output pin and state bit are the same, do 
hot use output equations nor a DEFAULT_OUTPUT 
statement. 


Also: You can use the reserved word OUTPUT_HOLD 
as a default in PLS devices. In this case, the output 

pin value is held to its current state when a default is 
used.40 


You can simplify output equations by assigning the 
most common output value as the default, then include 
an output value in the equation only when it differs from 
the default.41 


40 Refer to OUTPUT_HOLD, in this chapter, for additional details. 


41 Refer to the following topics, in this chapter, for additional details: DEFAULT_BRANCH, 
LOCAL DEFAULT, .OUTF, and STATE. 
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EQUATIONS This segment of the PDS file contains the Boolean 
SEGMENT equations you create to produce the desired device 
behavior. 


Devices Supported: All PLD devices. 


SYNTAX You use the keyword, EQUATIONS, at the beginning of 
the equations segment in Boolean-based designs. 
Syntax 
cael cece uate Boolean Equations Segment----~---~-~-~--~----~----——— 
EQUATIONS 


Boolean equations 


Example 


FQUATIONS sEquations Segment 
QA = a2 * /Q1 * /Q0 
+ 03 * Q2 
+ 03 * Ql 
+ 03 * 00 
Definitions The following discussions define elements in the 


equations segment. 


Equations You use this keyword to define the beginning of the 
equations segment in a PDS file. 


Boolean Equations You assign equations that include an output pin or 
node name, an assignment operator, and an 
expression. Equations can be standard Boolean, 
Case, or IF-THEN-ELSE constructs.42 


42 Refer to BOOLEAN EQUATION, in this chapter, for additional details. 
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EQUATIONS SEGMENT 


USE The keyword EQUATIONS is required when Boolean 
equations follow. 


Note: The PALASM 4 software allows both Boolean 


equations and state-machine descriptions in the same 
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EXPRESSION Expressions can be used in both Boolean and state- 


machine designs as part of a Boolean or functional 
equation, or in a state equation, or in equations in 
simulation commanas. 43 


Devices Supported: All PLD devices. 


SYNTAX You can include expressions in the equations, state, or 


simulation segments of any PDS file or in a separate 
simulation file.44 


Syntax 
Pn Assignment Operator Expression 
Example 
EQUATIONS 
Q1 = Ql * a0 
+ /Q1 * /Q0 
+ /FRM1B * SOF * SUNK 
+ RSTB 

Definitions All parameters are described next. Additional details 
are provided under Use. 

Pn Pn identifies the name of the output pin or node defined 
in the corresponding statement in the declaration 
segment of a PDS file. Once declared, you can include 
the name in an equation or expression. 

43 


44 


Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
FUNCTIONAL EQUATIONS, and STATE EQUATIONS. Also, refer to NODE and PIN for details 
about including a forward slash to define polarity. 


Refer to Section II, Chapter 6, for details about using a separate simulation file. 
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EXPRESSION 


Assignment Operator The assignment operator is a symbol that defines the 
appropriate operation interpreted by the software when 
processing design files.45 


Expression Expression assigns a group of signal values or product 
terms on the right side of an equation, represented as 
product, *, and sum, +, lines. The product operator is a 
logical AND function and the sum operator is a logical 
OR function. 


All values in an expression for a PLD design are signal 
names that must be defined in PIN and NODE 
statements, in the declaration segment of the PDS file, 
before their use elsewhere.46 


Expressions in Boolean equations use Boolean-logic 
operators to combine the values of pins and nodes. 
State equations use Boolean expressions to define 
states and their outputs. Functional equations use 
Boolean expressions to define inputs. 


USE When using expressions, the following conventions 
should be observed. 


e Place the expression on the right side of a Boolean, 
functional, or state equation. 


e Use blanks or tab characters between pin or node 
names and logic operators. 


¢ Place each part of the expression that uses the 
sum operator, +, on a separate line. 


45 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 
46 Refer to NODE and PIN, in this chapter, for details about including a forward slash to define 
polarity. 
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Sore 


EXPRESSION 


The following table lists the order of precedence for 
expressions without parentheses. 


PReceDeNce | OpERATOR/DEFINTION 


ren en esetnnnneenrnnneerereeeeereee 
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FLOATING PINS 
AND NODES 


SYNTAX 


Syntax 


Keyword Location_number 
Example 


Pin ? 
Node ? 
Pin < 


Definitions 


Location_number 


A question mark in the location field of a PIN or NODE 
statement floats the pin or node. Each floating pin and 
node is automatically placed by the software during the 
fitting process.4” Floating pins and nodes can 
increase the probability of a fit in all MACH-device 
designs. 


Devices Supported: All MACH device designs. 


You can use the question mark only in the declaration 
segment of Boolean or state-machine designs. 


Name Storage 
Sensorl Registered 
Equationl Combinatorial 


Outputl Latched 


Only descriptors following the keywords PIN or NODE 
are discussed. 


Place a question mark in the location-number field to 
float the corresponding pin or node. The signal is 
assigned to a specific pin automatically during 
compilation. 


Important: Do not float NODE 1. 


47 You may want to group signals within the same MACH-device block. Refer to MACH_SEG, in this 
chapter, and to Chapter 11, in this section, for more information. 
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FLOATING PINS AND NODES 


To assign a fixed location to a pin or node, you enter a 
number or range of numbers in the statement. 


In PDS files produced from schematics, the question 
mark appears in the pin or node location field unless 
you assigned a fixed location. To assign a location ina 
schematic, you use the Part field 1 command on the 
OrCAD/SDT Ill Edit Part menu.48 


Name Name defines the name of the pin or node. Each 
name must be unique and must follow the location field. 


¢ Begin the name with an alpha character; use any 
combination of up to 14 upper- or lowercase 
alphanumeric characters: A-Z and 0-9. 


important: Keep names in a schematic less than 
or equal to 14 characters. Part and pin names in 
the schematic may be concatenated while the data 
is converted into PDS format. Any name longer 
than 14 characters is automatically truncated. 


¢ Use underscore, _, aS aconnector and a forward 
slash to affect polarity; no other symbols or 
punctuation are allowed and no keywords, reserved 
words, or logic operators are allowed. 


48 Refer to Section III, Chapter 7, for more information about assigning attributes in a schematic. 
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FLOATING PINS AND NODES 
Note: The forward slash is not supported for 
schematic-based designs. 


Storage Storage defines the optional storage type for a pin or 
node, and must follow the pin or node name.49 Enter 
the reserved word or abbreviation listed below; the 
default is combinatorial. 


¢ COMBINATORIAL or COMB 
e REGISTERED or REG 
e LATCHED or LAT 


USE Floating pins and nodes is recommended to assist the 
fitting process. You can assign a fixed location when 
needed; however, this may result in a no-fit situation. 


Important: Do not float NODE 1. 


49 Refer to PAIR, in this chapter, for details about pairing a node with a pin. 


10-80 PALASM 4 USER’S MANUAL, SECTION IV, SOFTWARE REFERENCE February 1991 


February 1991 


CHAPTER 10, LANGUAGE REFERENCE 


10-81 


FOR-TO-DO This construct, also known as a FOR loop, defines the 


SYNTAX 


Syntax 
FOR Variable 
BE 
EN 


Example 


SIMULATION 


number of times to repeat a simulation block bounded 
by BEGIN and END statements. 


Devices Supported: All PLD devices. 


You use this construct in either the simulation segment 


of a PDS file or in an auxiliary simulation file for any 
PLD design. 


:= Start TO End DO 
GIN 


Action Statement 
D 


SETF /OE /CLOCK COUNT 
FOR X := 1 TO 20 DO 


BEGIN 
CLOCKF CLK 
END 
Definitions All elements of the statement are defined below. 
Variable Variable defines the index used in the FOR loop. 
¢ Avariable can include up to 14 alphanumeric 
characters and must end with :=, which is a con- 
vention, not the registered operator. 
¢ Avariable cannot be used elsewhere in the design 
file. 
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Start 


End 


Action Statement 


February 1991 


FOR-TO-DO 


Start defines the lower limit of the loop. 


e Use only integers following the variable := and 
preceding the word TO. 


e Ensure the number is greater than or equal to zero 
and less than the upper limit. 


Important: If the start and end numbers are the 
same, the task is executed once. 


END defines the upper limit of the loop. The number 
must be greater than or equal to zero. 


¢ Use only integers following the word TO and 
preceding the word DO. 


e Ensure the number is greater than or equal to zero 
and more than the lower limit. 


important: If the start and end numbers are the 
same, the task is executed once. 


Action statement defines the simulation task to be 
repeated using this loop. The following rules apply. 


¢ Enclose each statement with BEGIN and END. 


¢ Use any valid simulation statements between 
BEGIN and END, including nested FOR loops. 
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FOR-TO-DO 


USE There is no limit to the number of constructs you can 
include in a design. However, minimal nesting makes 
the file easier to follow and faster to compile. You can 
nest FOR loops within other FOR loops and within the 
following statements and constructs.°° 
e  IF-THEN-ELSE 
¢ WHILE-DO 


It's best to use the WHILE-DO construct when you 
do not have a fixed number of repetitions and you 
prefer to base repetitions on a condition. 


For example, you can test the FOR loop by nesting 
WHILE-DO or IF-THEN-ELSE constructs within the 
FOR loop, as shown below. 


FOR X := 1 to 5 DO 
BEGIN 
IF X = 1 THEN 
BEGIN 


SETF A * B 


END 


50 Refer to the following topics, in this chapter, for additional details: CASE, IF-THEN-ELSE, 


SIMULATION, and WHILE-DO. 


sss sess sssnvvussssesstausiseunssymesseneneen 
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FUNCTIONAL Functional equations control signals that cannot be 

EQUATIONS regulated directly through a pin or node. These are 
typically control signals associated with an input/output 
pin or node, such as set, clock, and three-state. 
Functional equations work like Boolean equations, in 
that the function is asserted when the expression is 
true. 


Devices Supported: Refer to the specific functional- 
equation reserved word, such as .CLKF, for supported 
devices. 


SYNTAX You include functional equations anywhere in the 
equations segment of Boolean and state-machine 
designs. 

Syntax 

EQUATIONS 
Pn.Function Assignment Operator Expression 
Example 
EQUATIONS 
Q0.CLKF = CLOCK 
Q1.SETF = SET * /RST 
Q1.RSTF = RST * /SET 
Definitions All parameters are described next. Additional details 


are provided under Use. 


Pn.Function Pn.Function defines the pin or node name, as defined 
in the PIN and NODE statements, and the specific 
function, which can be any of the following. 


Clock control 
Register bypass control 


Register preload control 

Flip-flop power up or reset control 
Flip-flop preset contro! 
Three-state buffer control 
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FUNCTIONAL EQUATIONS 


You cannot include multiple functional equations for 
the same pin or node. If you do, an error is reported 
during either assembly or fitting. However, you can use 
the group, string, and vector features to define signals, 
which is an excellent way to assign a function to several 
pins and nodes. 


Note: The .CLKF statement is the only functional 
equation where you can use negative polarity on the left 
side of the equation to define a falling edge clock on 


devices that support this feature. 


The .J, .K, .R, .S, .T, .T1, and .T2 equations are not 
functional equations. >! 


Assignment Operator A symbol that defines a specific operation as inter- 
preted by the software when processing design files.°2 
Only the equal sign, =, can be used with functional 
equations. The registered assignment operator, :=, can 
be used for registered operations. 


Expression Expression is a group of signal values or product terms, 
on the right side of an equation, represented as product 
and sum lines.°3 The product operator, *, is a logical 
AND function and the sum operator, +, is a logical OR 
function. You can use strings and vectors in an 
expression. 


o1 Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, .CLKF, .CMBF, .PRLD, .RSTF, .SETF, and .TRST. 


92 Refer to ASSIGNMENT OPERATOR, in this chapter, for more information. 


53 sRefer to EXPRESSION, in this chapter, for additional details. 
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All values in an expression for a PLD design are signal 
names that must be defined before their use. The name 
must be defined in PIN and NODE statements in the 
declaration segment of the PDS file. 


To use negative polarity on devices that support clock 
polarity, just omit the forward slash after the period, ., 
extension, for example, Q0./CLKF. For the 
PALCE29M16, place the forward slash before the 
equation, for example, /Q0.CLKF. 


The defaults for each functional equation are as follows. 


e .CLKF always defaults to the default clock pin for 
the device. 


e .CMBF defaults to combinatorial. 
e .PRLD defaults to ground. 


¢ .SETF and .RSETF both default to a bank if they 
are part of a bank expression. Otherwise, they 
default to ground. 


¢ .TRST defaults to VCC if an output equation is 
defined. Otherwise, it defaults to ground. 
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GND You can include this reserved word in an equation to 
hold a pin, node, or functional equation unconditionally 
low. GND is always treated as logical zero. 


Devices Supported: All PLD devices. 


SYNTAX You use the reserved word, GND, in the equations 
segment of Boolean and state-machine designs. 
Syntax 
Pn or 
Functional Equation Assignment Operator GND 
Example 
OUT4 = GND 
O£1.TRST = GND 
Definitions The element preceding the reserved word is described 
below. 
Pn or Functional Pn or functional equation defines the element to be held 
Equation low. 


« The pin or node name defined in the PIN or NODE 
statement of the declaration segment 


e The Pn.function defined in an earlier functional 
equation.°4 


94 Refer to the following topics, in this chapter, for additional details: FUNCTIONAL EQUATIONS, 
NODE, and PIN. 
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GND 


USE GND is normally used in functional equations. You can 
enter 0 instead of GND anywhere you want an uncondi- 
tional low value.°> 


Important: You must define the GND pin in the pin 
statements. 


55 Refer to VCC, in this chapter, for additional details. 
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GROUP This keyword clusters several pins or nodes under a 
single name. You can then use the group name in the 
equations or state segment of your design. 


Devices Supported: All PLD devices. 


SYNTAX You use the keyword, GROUP, in the declaration 
segment of Boolean and state-machine designs. 
Syntax 
GROUP Group_name Pn_list 
Example 


PIN 15 OUT1 COMB 
PIN 16 OUT2 COMB 
NODE 5 NB-- COMB 
GROUP BANK] OUT1 OUT2 NB 


EQUATIONS 


BANK1 = IN1 * IN2 * IN3 


DEFINITIONS Parameters following the keyword, GROUP, are 
defined below.°& 


Group _name Group_name is the name assigned to a cluster of pins 
or nodes. This name can then be used in the equations 
or state segments of a design to refer to the entire 
Cluster without having to list them separately. Follow 
the rules below. 


¢ Assign a unique name of up to 14 alphanumeric 
characters. 


Do not use keywords, operators, or reserved words. 


56 Refer to MACH_SEG, in this chapter, for details about using a group name to cluster signals 
within a MACH device. 
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GROUP 


¢ Place the name after the keyword GROUP and 
before the PIN or NODE statements. 


The syntax example shows BANK1 as a group name. 


Pn_list This is a list of the pins or nodes, defined in the pin and 
node statement, that are associated with the group 
name. 


e Place this list after the group name. 


¢ Separate pin and node names by a single blank; 
multiple blanks are reduced to one. 


Do not use commas or any other punctuation. You 
can use the range operator, [ ], to define a group of 
pins. 


In the syntax example, the equation 
BANK1 = IN1 * IN2 * IN3 is automatically expanded 
into the three equations shown below. 


IN] * IN2 * IN3 
IN] * IN2 * IN3 
1 


IN] * IN2 * IN3 


USE You can place the group statement either before or 
after SIGNATURE and STRING statements. You can 
use the group name, wherever appropriate in the 
design file, in place of the defined group of pins or 
nodes. This can simplify the equations segment of the 
file by reducing the number of equations required. 


¢« You can only use the group name on the left side of 
an equation. 


¢ You can also use the group name to define pins or 
nodes in the simulation segment. 
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GROUP 


Note: You can use a group name when controlling 


registers consisting of banks of flip-flops with common 
reset or other control lines. 


For example, use a group name to combine four 
outputs that share a common reset line. The software 
then writes four .RSTF equations.9” 


;DECLARATION SEGMENT 


GROUP 


;EQUATIONS 
QRST.RSTF = 


;This expands to 


A.RSTF 
B.RSTF 
C.RSTF 
D.RSTF 


57 Refer to the following topics, in this chapter, for additional details: DECLARATION SEGMENT, 
NODE, and PIN. 
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IF-THEN-ELSE, This construct provides a conditional statement for 
EQUATIONS Boolean logic. This construct literally means "if the 


condition is true, do this; if not, do that."8 


Devices Supported: All PLD devices. 


SYNTAX You use this construct in the equations segment of 
Boolean and state-machine designs. 
Syntax 
IF (Condition) THEN 
BEGIN 
Boolean equations 
END 
ELSE 
BEGIN 
Boolean equations 
END 
Example 
EQUATIONS 
IF (/I1,/12 = #b11) THEN 
BEGIN 
03 =A*B 
END 
ELSE 
BEGIN 
03 =A* /B 
END 
Definitions Both elements of the statement are defined next. 


$8 Refer to IF-THEN-ELSE and SIMULATION, in this chapter, for details on using this construct in 
the simulation segment or separate simulation file of a design. — 
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IF-THEN-ELSE, EQUATIONS 


Condition Condition defines any Boolean expression whose form 
consists of a pin, signal, range, or vector, an equal sign, 
=, and a binary, decimal, hexadecimal, or octal radix 
number. 


e You can use more than one condition if you 
separate them by commas. 


The software ANDs multiple conditions together. 


¢« You can use parentheses to enclose the condition; 
they are optional, but it is better to include them. 
You can nest parentheses. 


¢« You cannot use group names or arithmetic 
expressions. 


« You can use a test condition in place of any 
variable name in a Boolean expression as in the 
example, A* B* (C,D = 1). 


The software ANDs conditions with vectors. For 
example: 


IF (A{1..3]) becomes IF (A{1] * AL2] * A[3]) 
IF (/A{L1..3]) becomes IF (/(A[1] * A[2] * A[3])) 


Boolean Equation This equation defines any Boolean equation or set of 
equations, as well as IF-THEN-ELSE, and CASE 
constructs. The equation must be enclosed by BEGIN 
and END statements. 
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IF-THEN-ELSE, EQUATIONS 


USE 


59 
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OPTIONS | DeFINTIONS 


You can specify how the software treats default values 
for IF-THEN-ELSE constructs by selecting one of the 
following options on the File/Set up/Logic Synthesis 
Options form. 


Unspecified default conditions 
are assumed to be don’t care. 


Don’t care 


Unspecified default conditions 
are assumed to be false. 


Off 


The don't-care option requires you specify both the on 
and off sets. The off option requires you to specify only 
the on sets; the software assumes all other conditions 
to be off. 


You may lose signals from the design if you select the 
don’t-care option and do not specify all the default 
conditions. If the software treats these signals as don't 
care, they will be eliminated from the design during 
logic reduction. 


Important: When translating designs created with 


PLPL, you must select the off option because PLPL 
treats unspecified default conditions as false. 


There is no limit to the number of constructs you can 
have in your design. However, minimal nesting makes 
the file easier to follow and faster to compile.°9 


Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, CASE, IF-THEN-ELSE, and SIMULATION. 
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IF-THEN-ELSE, EQUATIONS 


You can use an IF clause without an ELSE clause, 
but no logic is defined when the IF clause is false. 

In the case of multiple or nested IF-THEN-ELSE 
statements, an ELSE clause always matches the last 
IF-THEN clause. 


You can nest IF-THEN-ELSE constructs within CASE 
and other IF-THEN-ELSE constructs. The following 
examples show how the software expands IF-THEN- 
ELSE constructs. 


IF -THEN-ELSE 


IF (A) THEN B= 1 that is 


IF (A) THEN B= 1 ELSE B=0 that is 
that is 


IF (A) THEN B=0 that is 
IF (A) THEN /B = 1 that is 
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IF-THEN-ELSE, This construct provides conditional statements during 
SIMULATION simulation. This construct literally means “if the 
condition is true, do this; if not, do that." 


Devices Supported: All PLD devices. 


SYNTAX You use this construct in Boolean and state-machine 
designs. 


Syntax 


IF (Condition) THEN 
BEGIN 
Task 
END 
ELSE 
BEGIN 
Task 
END 


Example 
SIMULATION 


SETF /OE /CLOCK COUNT 
IF (J = 5) THEN 


BEGIN 
CHECK Q0 
END 
ELSE 
BEGIN 
CHECK /Q0 
END 
Definitions Both elements of the statement are defined below. 
Condition Condition defines any Boolean expression. 


e You can use more than one condition if you 
separate them by commas. 


The software ANDs multiple conditions together. 


e You can use parentheses to enclose the IF 
condition. However, you cannot nest parentheses. 
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Task 


USE 


IF-THEN-ELSE, SIMULATION 


The condition can be any Boolean expression of 
logic signals or mathematical equality: =, >, <, >=, <=, 
and <>. 


Task defines the simulation task the software performs 
during the IF-THEN-ELSE loop. You use BEGIN and 
END statements to enclose the task and indent them to 
make your PDS file easier to follow. 


There is no limit to the number of constructs you can 
have in your design. However, minimal nesting makes 
the file easier to follow and faster to compile .©° 


You can nest IF-THEN-ELSE constructs within other 
IF-THEN-ELSE constructs and with the following 
statements. 


¢ CASE 
¢« FOR-TO-DO 
e WHILE-DO 


If the condition is false when the construct is reached, 
the task is not executed.®! 


Note: If you nest the IF-THEN-ELSE construct ina 
FOR-TO-DO construct, the condition can also be the 


index variable of the FOR-TO-DO construct. You 
cannot use an index variable outside its defining 
FOR-TO-DO construct. 


60 Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, EQUATIONS SEGMENT, CASE, and IF-THEN-ELSE. 


61 Refer to the following topics, in this chapter, for additional details: CASE, FOR-TO-DO, and 


WHILE-DO. 
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J EQUATION This equation defines when to set the J input on J type 
flip-flops high. 


| Devices Supported: PALCE610. | 


SYNTAX You use the .J equation in the equations segment of 
Boolean or state-machine designs. 


Syntax 
Pn.d Assignment Operator Expression 
Example 
EQUATIONS 
a1 J = IN] * /IN2 
Definitions All parameters are defined below. 
Pn.J Pn.J identifies the pin or node associated with the J flip- 
flop. The name must be defined in an earlier PIN or 
NODE statement in the declaration segment. 
Assignment Operator Assignment operator defines a specific operation as 
interpreted by the software when processing design 
files.62 
Expression Expression identifies the logic that defines when the 


input on .J type flip-flops is set high. In the example, 
when IN1 is true and IN2 is false, the flip-flop 
associated with the pin or node Q1 is set high. 


62 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 
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J EQUATION 


USE You can place the .J equation anywhere in the 
equations segment. Follow the rules below. 


« You cannot have multiple equations for the same 
pin or node. If you do, the software reports an error 
during compilation and processing stops. 


¢ You cannot use negative polarity on the left side of 
the equation. For example, /Q1.J is not allowed. 


¢« You can use group, string, and vector notation to 
define signals. This is an excellent way to assign 
the .J equation to several pins.©9 


63 Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, GROUP, STRING, and VECTOR. 
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.K EQUATION 


This equation defines when to set the K input on K-type 
flip-flops high. 


Devices Supported: PALCE610. 


SYNTAX You use the .K equation in the equations segment of 
Boolean or state-machine designs. 
Syntax 
Pn.K Assignment Operator Expression 
Example 
EQUATIONS 
| Q1.K = IN] * /IN2 
Definitions All parameters are defined below. 
Pn.K Pn.K identifies the pin or node associated with the K 
flip-flop, The name must be defined in an earlier PIN or 
NODE statement in the declaration segment. 
Assignment Operator The assignment operator is a symbol that defines a 
specific operation as interpreted by the software when 
processing design files.64 
Expression Expression identifies the logic that defines when the 


input on .K type flip-flops is set high. In the syntax 
example, when IN1 is true and IN2 is false, the flip-flop 
associated with the pin or node Q1 is set high. 


64 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 
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.K EQUATION 


USE You can place the .K equation anywhere in the 
equations segment. Follow the rules below. 


e You cannot have multiple equations for the same 
pin or node. If you do, the software reports an error 
during compilation and the process stops. 


e You cannot use negative polarity on the left side of 
the equation. For example, /Q1.K is not allowed. 


e« You can use group, string, and vector notation to 


define signals. This is an excellent way to assign 
the .K equation to several pins.®5 


65 Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, GROUP, STRING, and VECTOR. 
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LATCHED This reserved word defines the output data storage type 
on devices that allow latched outputs. A latched output 
functions as a combinatorial output until the data is 
latched. Once latched, the last data present is held 
regardless of input changes. 


Device Support 


PAL10H20EG8 PAL10H20G8___— PALCE29M16 PALCE29MA16__PAL16V8HD MACH 2 
SYNTAX You include this optional reserved word in the PIN or 
NODE statement of Boolean and state-machine 
designs. 
Syntax 
Pn Number Name Storage 
Example 
PIN 3 OUT] — LATCHED 
NODE 4 OUT2 LAT 
Definitions Only the reserved word is discussed below. 
Storage Storage defines the pin or node storage type. If you do 


not specify a storage type, combinatorial is the default. 


« Place the reserved word LATCHED after the pin or 
node name in the corresponding statement. 


- Use either the complete word LATCHED or the 
three-letter abbreviation, LAT. 


USE There are two ways to enter the storage type. 
¢« Use the declaration segment form: Select the 


Storage field, display the option list, and select an 
option. 
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LATCHED 


¢ Type the storage value in the appropriate PIN or 
NODE statement in the PDS file using a text editor. 


The PALCE29M16 and PALCE29MA‘16 have 
programmable latches. The polarity of the latch can be 
inverted by placing a forward slash before the .CLKF 
functional equation. The default is active-low enable. 
The following is an example of an active-low enable 
equation. 


PIN 1 EN 
PIN 3 OPIN 


MOPIN.CLKF = EN 


The following equation provides an active high enable. 


IOPIN.CLKF = EN 


The final polarity of the latch enable as seen from 
outside the chip is determined by the following 
conditions. 


¢ The polarity of the latch enable as defined in the 
PIN statement 


¢ The polarity of the .CLKF functional equation 


¢ The polarity of the latch enable on the right-hand 
side of the .CLKF functional equation 


The latch enable input controls whether the flip-flop is 
latched or not. On the PAL10H20EG8 and 
PAL10H20G8 the latch is transparent when the gate pin 
is low. The latch is enabled when the pin is high.6© 


66 —_ Refer to the following topics, in this chapter, for additional details: .CLKF, COMBINATORIAL, 
PIN, and REGISTERED. 
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LOCAL DEFAULT This branch of a state transition equation is executed if 
none of the conditions in the equation are satisfied. 
Local defaults override global defaults.9” 


Devices Supported 


PAL10H20EV8 PAL16R4 PAL16R6 PAL16R8 PAL16RP4 PAL16RP6 
PAL16RP8 PALCE16V8 PAL18U8 PAL20R4 PAL20R6 PAL20R8 
PAL20RS4 PAL20RS8 PAL20RS10 PALCE20V8 PAL20X4 PAL20X8 


PAL20X10 PAL22RX8 PAL22V10 PAL23S8 PAL24R10 PAL24R4 
PAL24R8 PAL26V12 PALCE29M16 PALCE29MA16 PAL32R16 PAL32VX10 
PALCE610 PLS105 PLS167 PLS168 PLS30S16 MACH 1 
MACH 2 


SYNTAX Include the local default (state branch) in state 
transition equations of state-machine designs. 


Syntax 


Statel := conditionl —> state2 
+ condition2 —> state3 
+—> default state 


Example 
STATE 
;State transition equations 


RED := NOTRAFFIC -—> GRN 
+ RED2 -—> YLW 


+-> RED 
Definitions Only the term Default is discussed below. 
Default State This parameter defines the next state in a state- 


machine transition equation when that state cannot 
be determined from previous conditions. 


67 Refer to DEFAULT_BRANCH and DEFAULT_OUTPUT, in this chapter, for additional details 
regarding global defaults. 
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LOCAL DEFAULT 


¢ You must use the default operator, +->, to define a 
local default. 


e You can define only one local default state for each 
state transition equation. 


USE Defaults ensure the state machine does not behave 
unpredictably if none of the conditions in the state 
transition equation is satisfied. 


A local default overrides any global default. 


The local default branch must be the last branch in the 
state-transition equation. 


Global defaults are defined by the DEFAULT_BRANCH 
statement. 
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MACH SEG A These reserved words can be used as the name in a 


MACH SEG B GROUP statement to cluster signals within a single 
RM ACH SEG C block of a MACH device. The same control logic is 
MACH SEG D applied to all signals in the block. 


Once declared, you can include the group name in any 
equation rather than writing a separate equation for 
each pin or node in the group. 


Devices Supported: All MACH device designs. 


SYNTAX You can use the reserved word only in the GROUP 
statement in the declaration segment of Boolean or 
state-machine designs. 


Constructs 


GROUP Group_name Pn_list 


Example 


pin/node statements ... 
GROUP MACH_SEG_A R[O] R(1] R[2) 
RC3] 0[0) 0(1] 
0(2) 0(3) 0(4] 
0[5) 0(6) 0[7] 


Definitions Only descriptors following the keyword, GROUP, are 
discussed. 
MACH_SEG_ A These reserved words identify the block of a MACH 
MACH SEG B device within which the named group of signals will be 
MACH_SEG C clustered. The block you specify must be one of the 
MACH_SEG D following. 
¢ MACH 110 
MACH_SEG_A 
MACH_SEG_B 
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MACH_SEG A, MACH_SEG B, 
MACH_SEG C, MACH_SEG D 


- MACH 210 
MACH_SEG A 
MACH SEG B 
MACH_SEG C 
MACH SEG D 


Once declared, you can use the name either on the left 
side of an equation, as shown under Use, or to define 
pins or nodes in the simulation segment or file. 


In PDS files produced from converted schematic de- 
signs, signals are clustered into one block when a 
common value is found in Part field 2 of certain 
macros.68 


Pn_list Pn_list identifies the pins or nodes to be included in the 
group. This list must follow the group name. 


¢ Names must match those used in previous PIN or 
NODE statements. 


You can include a range operator, [ ], to define a 
group of pins or nodes if they are so defined in 
previous statements. 


e Blanks or tab characters should be used to 


separate each pin or node listed; no [Return] 
characters are allowed. 


68 Refer to Section III, Chapter 7, for more information about assigning attributes in a schematic. 
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MACH_SEG_A, MACH_SEG B, 
MACH_SEG_C, MACH_SEG_D 


USE Using the reserved word as a group name can be 
helpful when modifying a design that doesn’t fit.©9 
The following example shows a declared group, 
MACH_SEG_A, and its use in an equation 
in the PDS file. 


;... pin/node statements ... 
GROUP MACH_SEG_A R({O] RE1) RE2}] RC3)] O[O] Of[1) Of2) Of3) Of4) Of5) 
O[6)] O[7] 


3... equations ... 
MACH_SEG_A.TRST = IN [1] 


The equation above enables all outputs in block A when 
input IN [1] is high. The next example shows how the 
previous equation is automatically expanded during 
software processing. 


69 Refer to Section II, Chapter 5, for strategies to use when a design does not fit. 
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MASTER_RESET This reserved word selects the preset function on PLS 
devices that provide a preset/enable pin. 


Devices Supported 


PLS105 PLS167 PLS168 
SYNTAX You use this reserved word in the state segment of 
state-machine designs. 
Syntax 
MASTER_RESET 
Example 


MEALY_MACHINE 
MASTER_RESET 
OUTPUT_HOLD OUT1 OUT2 


Definitions Only the reserved word is defined below. 


MASTER_RESET This reserved word dedicates the preset/enable pin to 
active high preset. Conversely, the reserved word 
OUTPUT_ENABLE dedicates the preset/enable pin to 
active-low output enable. 


¢ You can place MASTER_RESET anywhere within 
the setup and default statements. 


lt must precede the state-assignment and transition 
equations. 


¢« You cannot use both MASTER_RESET and 
OUTPUT_ENABLE in the same design file. 


When the device is preset, the state machine goes to 
the state which has a value of all 1s. 
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MASTER_RESET 


USE The software selects preset as the default if you do not 
use MASTER_RESET or OUTPUT_ENABLE. If you 
write a .SETF equation and do not use MASTER_RESET 
or OUTPUT_ENABLE, the software selects preset. If 
you write a .TRST equation, the software selects output 
enable. 7° 


70 Refer to OUTPUT_ENABLE and STATE, in this chapter, for additional details. 


February 1991 CHAPTER 10, LANGUAGE REFERENCE 10-115 


MEALY MACHINE This reserved word identifies the type of state machine 
you are designing. 


Devices Supported: All PLD devices. 


SYNTAX Include the reserved word in the state segment of state- 
machine designs. 


Syntax 
MEALY_MACHINE 


Example 


STATE ;State Setup and Defaults 
MEALY_MACHINE 


Definitions Only the reserved word is defined below. 


MEALY MACHINE This reserved word defines a state-machine design as 
one of two possible types, either Mealy or Moore. If 
you do not define a type in the state segment of the 
design, the program defaults to Mealy machine. 


A Mealy machine determines its outputs from the 
present state and inputs. ”! 


USE You can place this reserved word statement anywhere 
within the STATE segment. However, for design clarity, 
the following guidelines are advised. 


e Place the reserved word statement at the beginning 
of the STATE segment before the state global 
defaults. 


” Refer to MOORE_MACHINE and STATE, in this chapter, for additional details. 
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MEALY_MACHINE 


e Use the reserved word statement only once ina 
file. 


The software ignores redundant state-machine 
definitions. 


You cannot have both MEALY_MACHINE and 
MOORE_MACHINE statements in the same design 
file. If you want to include both types of state machines 
in the design file, only one can be written using state- 
machine syntax. The other must be written using 
Boolean equations. 
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MINIMIZE OFF 
MINIMIZE ON 


SYNTAX 


Syntax 


MINIMIZE_OFF 
Boolean equations 
MINIMIZE_ON 


Example 


MINIMIZE_OFF 
OUT] =A * B :+: C 
MINIMIZE_ON 


Definitions 


Boolean Equation 


MINIMIZE_OFF 


MINIMIZE_ON 


These two keywords allow you to specify equations that 
will not undergo logic reduction during the minimization 
process. 


Devices Supported: All PLD devices. 


You use these keywords in the equations segment of 
Boolean designs. 


All parameters are defined below. 


Boolean equations control storage inputs and other 
combinatorial functions to produce the desired device 
behavior. These equations form the backbone of any 
PDS file containing a Boolean description. ’2 


This keyword prevents logic reduction from occurring 
on the equation or equations that follow. You can 
suppress logic reduction only for an entire equation. 
Do not place this keyword in the middle of an equation. 


This keyword reactivates logic reduction on Boolean 
equations after it has been suppressed using the 
keyword MINIMIZE_OFF. 


72 Refer to BOOLEAN EQUATION and EXPRESSION, in this chapter, for additional details. 
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MINIMIZE_OFF, MINIMIZE ON 


During the minimization process, all Boolean equations 


_are reduced to their simplest form. However, 


sometimes the results of logic reduction may produce 
equations that are not functionally what you intend. 

You can selectively skip the logic reduction on certain 
equations by bracketing them within MINIMIZE_ON and 
MINIMIZE_OFF commands. 


These commands do not affect other logic conversions 
that occur during the minimization process. The 
example below shows that parentheses are expanded 
for all expressions regardless of whether logic reduction 
is suppressed or not. 


BEFORE MINIMIZATION | AFTER MINIMIZATION 


MINIMIZE_OFF MINIMIZE_OFF 
01 = A*B + A*/B 01 = A*B + A*/B 
02 = /(A+B) 01=/A* /B 

MINIMIZE_ON MINIMIZE_ON 


O03 =A 
04=/A* /B 


03 = A*B + A*/B 
04 = /(A+B 


You can have as many pairs of MINIMIZE_ON and 
MINIMIZE_OFF commands as you wish. The software 
ignores redundant commands. 


You need not place the MINIMIZE_OFF command on 
its own line, but it makes the design easier to follow. 
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MOORE_MACHINE This reserved word identifies the type of state machine 
you are designing. 


Devices Supported: All PLD devices. 


SYNTAX Include the reserved word in the state segment of state 
machine designs. 


Syntax 
MOORE_MACHINE 


Example 


STATE ;State Setup and Defaults 
MOORE_MACHINE 


Definitions Only the reserved word is defined below. 


MOORE_MACHINE This reserved word defines a state-machine design as 
one of the two possible types, either Moore or Mealy. 
If you do not define a type in the state segment of the 
design, the program defaults to Mealy machine. 


A Moore machine determines its outputs from the 
present state only.”° 


USE You can place the reserved word statement anywhere 
within the STATE segment. However, for design clarity, 
the following guidelines are advised. 


¢ Place the reserved word statement at the beginning 


of the STATE segment before the state global 
defaults. 


73 Refer to MEALY_MACHINE and STATE, in this chapter, for additional details. 
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MOORE_MACHINE 


e Use this reserved word statement only once in a 
file. 


The software ignores redundant state-machine 
definitions. 


You cannot have both MOORE_MACHINE and 
MEALY_ MACHINE statements in the same design file. 
If you want to include both types of state machines in 
the design file, only one can be written using state- 
machine syntax. The other must be written using 
Boolean equations. 
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NODE 


This keyword is the logical name assigned to a 
feedback signal or internal-control product term. When 
used in the declaration segment of a PDS file, this 
keyword allows you to assign names and attributes to 
internal device nodes. A node can be one of the 
following. 


¢ A buried flip-flop or flip-flop feedback line 


¢ An internal-control line, such as a global reset, 
preset, or observability line 


¢ Acomplement array term 


Devices Supported 


PAL22V10 PAL32VX10 


PALCE610 


PALCE29MA16 
MACH 1 MACH 2 


PAL18U8 PAL23S8 
PLS30S16 PLS105 PLS167 PLS168 


PAL26V12 PALCE29M16 


SYNTAX Include this keyword in the declaration segment of 
Boolean and state-machine designs. 
Syntax 
NODE Location_number Name Storage 
Example 
NODE 12 ST REG 
Definitions Constructs following the keyword are defined below. 
Additional details are provided under Use. 
Number Number identifies the node number exactly as defined 
in the device reference. 
Name Name defines the node name. Each name must be 
unique and must follow the location_number field. 
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NODE 


¢ Begin the name with an alpha character; use any 
combination of up to 14 upper- or lowercase 
alphanumeric characters: A-Z and 0-9. 


Important: Keep names in a schematic equal to or 
less than 14 characters. Part and node names in 
the schematic may be concatenated when data is 
converted into PDS format. Any name longer than 
14 characters is automatically truncated. 


¢« Use underscore as a connector and a forward slash 
to affect polarity; no other symbols or punctuation 
are allowed and no keywords, reserved words, or 
logic operators are allowed. 


Note: The forward slash is not supported for 
schematic-based designs. 


Also: Polarity works differently for nodes used as 
inputs on the PALCE29M16 and PALCE29MA16./4 


You can use ranges and vector notation to define node 
names. You must use the same number of nodes as 
names in ranges and vector notation. All nodes defined 
within a range or vector notation have the same storage 
type and polarity attributes. 75 


Storage Storage defines the optional storage type for a node, 
which must follow the node name.’© Enter the 
reserved word or abbreviation listed below; the default 
is combinatorial. 


74 Refer to Chapter 11, in this section, for more information. 
as Refer to VECTOR, in this chapter, for more information on vector notation and ranges. 


76 Refer to PAIR, in this chapter, for details about pairing a node with a pin. 


February 1991 CHAPTER 10, LANGUAGE REFERENCE 10-123 


NODE 


¢ COMBINATORIAL or COMB 
e REGISTERED or REG 
e LATCHED or LAT 


Important: COMBINATORIAL is a valid node 
storage attribute only for MACH devices. For 


non-MACH PLDs, you must specify either REG 
or LAT. Otherwise, the software issues an error 
during compilation. 


USE NODE statements must follow the CHIP statement. 
Use a separate line for each NODE statement. You do 
not have to place the NODE statements in numerical 
order. You can only place COMMENT statements 
between NODE statements, not within the NODE 
statement. 


Declare only the nodes you are using. The software 
automatically assigns the name NC, no connect, to all 
nodes that are not declared. 


PIN or NODE statements in the current version of 
the software differ from the pin list of previous 
versions. However, the old syntax is fully compatible 
with the new. 


Use of the NODE statement is device dependent. ’/ 


77 Refer to Chapter 11, in this section, and the following topics, in this chapter, for additional details: 
BOOLEAN EQUATION, CHIP, DECLARATION SEGMENT, FLOATING PINS AND NODES, 
LATCHED, OPERATOR, PIN, and REGISTERED. 
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OPERATOR 


This is a general term that describes any symbol 
interpreted by the software when processing design 
files. It can be a mathematical term such as "+", for 
OR, a defining term such as ":=", for registered, or a 
descriptive term such as "#", for radix. The following 
table defines each operator and provides an example. 


OpeRATOR | _DEFINTION, EXAMPLE 


COMBINATORIAL 


REGISTERED equation 


STATE EQUATION 
LATCHED 

STATE TRANSITION 
LOCAL DEFAULT 
COMMENT 

Literal separator 
Range 

CASE value 

Term brackets 
EXPRESSION 
Substitute 


Greater than 

Less than 

Not equal to 

Less than or equal to 
Greater than or equal 
Don't care 

CHECK clash 

String delimiters 
Binary radix 

Decimal radix 

Octal radix 
Hexadecimal radix 
Separator 


A:*:B 

INPUT1=A*B 

INPUT1 :=A*B 

STATE1 := START -> END 
INPUT1 *=A*B 

STATE1 := START -> END 
+-> RED -> WAIT 

‘set low before clocking 
IN[1,3,4] IN[1..4,6..9] 
INPUT[O..9] 

0,1: 

INPUT[O..9] 

IN1 =(A* B)(C*D* F) 
OUT1=A*B*C 

OUT2 = {OUT1} * F> 

IF A> 2 THEN... 

WHILE A <2 DO... 

IF A<> 2 THEN... 

WHILE A <= 2 DO... 
WHILE A >= 2 DO... 
DEFAULT_OUTPUT %OUT1 


STRING INPUT 'A1 + /A2' 
#b101000 

#d40 

#050 

#h28B 

PIN 2 IN1 REG 
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OUTF This keyword defines state output equations for Mealy 
and Moore machines. 


Devices Supported 


PAL1OH20EV8 PAL16R4 PAL16R6 PAL16R8 PALI6RP4 PAL16RP6 
PAL16RP8 PALCE16V8 PAL18U8 PAL20R4 PAL20R6 PAL20R8 
PAL20RS4 PAL20RS8 PAL20RS1 PALCE20V8 PAL20X4 PAL20X8 


PAL20X10 PAL22RX8 PAL22V10 PAL23S8 PAL24R10 PAL24R4 
PAL24R8 PAL26V12 PALCE29M16 PALCE29MA16 PAL32R16 PAL382VX10 
PALCE610 PLS105 PLS167 PLS168 PLS30S16 MACH 1 
MACH 2 


SYNTAX Include .OUTF in output equations in the state 
segment of state-machine designs. 
Syntax 
Moore machines Statename.OQUTF = Output expression 
Mealy machines Statename.OUTF = Condition 1 -—> Output 1 
+ Condition 2 -> Output 2 
+ Condition n -> Output n 
+-> Local default 
Example 
Moore machines TWO.OUTF = /CNT2 * CNT1 * /CNTO 
Mealy machines TWO .OUTF = RUN_UP -> /CNT2 * CNT1 * /CNTO 
TEST -—> CNT2 * CNT1 * CNTO 
+-> /CNT2 * /CNT1 * /CNTO 
Definitions The construct immediately preceding, and all constructs 


following, the keyword are defined below. Additional 
details are provided under Use. 
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Statename 


Outputs 


Conditions 


Local Default 


February 1991 


.OUTF 


Statename identifies the name of the state as specified 
in the state assignments or state-transition equations. 
It must be unique and it can have up to 14 
alphanumeric characters. 


Outputs are pin names with their appropriate logic 
sense to create the desired logic values. Outputs are 
separated by an asterisk, *. In the syntax example, 
when the Moore machine is in state TWO, the output 
bits CNT2, CNT1 and CNTO will be 0, 1, and 0, 
respectively. 


When the Mealy machine is in state TWO and the 
inputs match the condition defined as RUN_UP, the 
output bits CNT2, CNT1 and CNTO will be 0, 1, and 0, 
respectively. 


You specify the output values regardless of pin polarity. 
The software adjusts polarity as necessary. 


In a Mealy machine, the outputs depend on the current 
state and the current input conditions. This field defines 
the condition under which the specified output will 
occur. The condition names must be defined in the 
conditions section of the state-machine design. 


If the condition consists of a single input, the input 
name may be used in place of the condition name. You 
can use VCC to specify an unconditional output. 


Moore machine outputs do not have conditions since 
their outputs are determined only by the present state. 


This output is generated if none of the conditions is 
Satisfied. Local defaults are valid only for Mealy 
machines and will override global defaults. 
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-OUTF 


USE You can place output equations anywhere within the 
state segment. You may prefer to have all of the output 
equations after all of the state equations, or follow a 
state equation with its corresponding output equation. 


You can use the following operators in state output 
equations. 


OPERATOR DEFINITION 


Conditional output for Mealy machines 
Local default for a Mealy machine 
Combinatorial assignment operator 
Registered assignment operator 


For Mealy machines, conditions in an .OUTF equation 
don't have to match conditions in the state-transition 
equations. However, conditions that don’t match are 
unusual. 


You can omit the output equations if you use the state 
bits as outputs. You do this by making the output pins 
the same as the state bits and preforming manual state 
bit assignment. 78 


If you omit output equations, don't use the following 
constructs. 


¢ DEFAULT_OUTPUT 
¢ OUTPUT_HOLD 


You can define some outputs with state bits and some 
with output equations. 


If you don't use the state bits as outputs, you must 
specify output equations. Default output specifications 
are optional. 


78 Refer to Section Il, Chapter 4, for additional details regarding assigning state bits. 
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.OUTF 


Registered Mealy machine outputs are valid one clock 
cycle after reaching the new state. Combinatorial 
Mealy and Moore machine outputs and registered 
Moore machine outputs are valid upon reaching the 
new state. Undefined output pins have a don't-care 
value.79 


79 Refer to the following topics, n this chapter, for additional details: CONDITIONS, 
DEFAULT_BRANCH, DEFAULT_OUTPUT, LOCAL DEFAULT, MEALY_MACHINE, 
MOORE_MACHINE, OPERATOR, OUTPUT_HOLD, STATE, STATE ASSIGNMENT EQUATION, 
STATE EQUATION, and STATE TRANSITION EQUATION. 
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OUTPUT _ENABLE This reserved word selects the output-enable function 
of the preset/enable pin. 


Devices Supported 


PLS105 PLS167 PLS168 
SYNTAX Use this reserved word in the state segment of state- 
machine designs. 
Syntax 
OUTPUT_ENABLE 
Example 
STATE 
;State Setup and Defaults 
MEALY_MACHINE 
OUTPUT_ENABLE 
OUTPUT_HOLD 
;State Bit Assignment 
Definitions Only this reserved word is defined below. 
OUTPUT_ENABLE OUTPUT_ENABLE sets the preset/enable pin to output 
enable. You can place OUTPUT_ENABLE anywhere in 
the setup and default section. It must precede the state 
assignment and transition equations. 
USE When you use OUTPUT_ENABLE, the software 


dedicates the preset/enable pin to active-low output 
enable. Conversely, when you use MASTER_RESET, 
the software dedicates the preset/enable pin to active- 
high preset. You cannot use both OUTPUT_ENABLE 
and MASTER_RESET in the same design file. Follow 
the guidelines outlined next. 
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OUTPUT_ENABLE 


e If you do not use MASTER_RESET or 
OUTPUT_ENABLE, the software selects 
preset as the default. 


¢ If you write a .SETF equation and do not use 
MASTER_RESET or OUTPUT_ENABLE, the 
software selects preset as the default. 


¢ If you write a .TRST equation, the software selects 
output enable as the default.8° 


80 Refer to MASTER_RESET and STATE, in this chapter, for additional details. 
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OUTPUT HOLD This keyword defines a global default that allows you to 
hold the present output value when there is no output 
defined for the current state and input condition. 


Devices Supported 


PLS105 PLS167 PLS168 
SYNTAX Use this keyword in the state segment of state-machine 
designs. 
Syntax 
OUTPUT_HOLD Output_pins 
Example 
STATE 


;otate Setup and Defaults 
OUTPUT_HOLD OUT1 OUT2 OUT3 


;State Bit Assignment 


Definitions The parameter following the keyword is defined below. 
Additional details are discussed under Use. 


Output_pins Output_pins identifies the user-defined output pins that 
are held when the next output value cannot be 
determined from the equations segment of the state- 
machine design. Use a blank to separate the output 
pins; multiple blanks are reduced to one blank. 


USE You must place the OUTPUT_HOLD statement at the 
beginning of the state segment. It can follow setup 
statements but must precede any state assignment and 
transition equations. 


If you use the state bits as outputs, do not use 
OUTPUT_HOLD. 
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OUTPUT_HOLD 


You can reduce the number of output equations 
required by specifying the global default as 
OUTPUT_HOLD. Using this technique, you only need 
to write equations for outputs that differ from the 
default. 
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PAIR This keyword is an optional attribute in a PIN or NODE 
statement you use to direct input or output pairing. 


¢ Input pairing: include the PAIR attribute in a PIN 
statement to logically associate an input pin with a 
node. 


¢ Output pairing: include the PAIR attribute in a 
NODE statement to logically associate a node with 
an output pin. 


Devices Supported: MACH-device designs only. 


Input pairing can only be implemented in MACH 
devices with buried macrocells. Output pairing can be 
implemented in all MACH devices. 


SYNTAX You can use the PAIR keyword in the declaration 
segment of Boolean or state-machine designs as 
shown below. 


Required Elements Optional Attributes 


Syntax 
Keyword Location_ Name Storage Pair Pn_name 
number 

Example, Input Pairing 
Pin ? Tl 
Node ? 


Example, Output Pairing 
Node ? L2 
Pin ? 


Combinatorial Pair Outputl 
Comb <= 


Definitions The following discussions pertain only to the descriptors 
for NODE and PIN statements. 


Location Location defines the location of the pin or node. When 
both the pin and node locations are fixed, you must 
assign both to the same macrocell. 
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PAIR 


Name Name defines the name of the pin or node. 
Note: An optional forward slash is supported here. 
Storage Storage defines the optional storage type for the pin or 


node; the default is combinatorial. 


Important: Combinatorial is not a valid node storage 
attribute for input pairing. When specifying an Input 

pair, use the registered or latched attribute in the NODE 
statement. 


Pair Include this optional keyword to indicate input pairing in 
a PIN statement or output pairing in a NODE statement. 
PAIR cannot be abbreviated. The keywords OPAIR 
and IPAIR are also valid, and denote output and input 
pairing, respectively. 


¢ Output pairs are generated when there are 
duplicate pin/node equations. 


¢ Input pairs are generated when a buried input node 
is equated to an input pin. 


Pairing occurs automatically during compilation unless 
you enable manual pairing by typing the letter N beside 
the Use automatic pin/node pairing field on the Logic 
synthesis Options form. 


Recommendation: It is best to enable the automatic 


pin/node pairing option on the Logic Synthesis Options 
form. 


Pn_name Pn_name defines the pin or node that completes the 
pair. Each name must be unique and follow the 
keyword PAIR. 
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PAIR 


Note: A node and its corresponding output pin should 
not be paired if the three-state control line is tied to 
ground. This permanently disables the output pin. 


Also: No forward slash is allowed in the pin or node 
name following the keyword PAIR. 


USE When paired, the pin and node are logically associated 
with the same macrocell. Input pairing applies only to 
registered or latched inputs. 
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PATTERN This keyword begins the statement defining the 
design’s pattern, which is useful for documentation 


purposes. 


Devices Supported: All PLD devices. 


SYNTAX Use the PATTERN keyword in the declaration segment 
of Boolean and state-machine designs. 

Syntax 

PATTERN Design_pattern 
Example 

TITLE 

PATTERN F00345 

REVISION 

AUTHOR 

COMPANY 

DATE 


CHIP COUNTER PAL16R8 


Definitions Only the construct following the keyword PATTERN is 
defined below. 


Design_pattern Design_pattern can be any combination of up to 60 
alphanumeric characters. The following rules apply. 


e Place the PATTERN statement after the title and 
before revision, as shown in the syntax example. 
The software assumes this order. 

e Write the PATTERN statement on one line. 


¢« Do not use a dollar sign. 


You can use reserved words within the PATTERN 
statement. 
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PATTERN 


USE The PATTERN statement is optional. If you do not 
include it, the software issues a warning and continues 
processing the file. If you include multiple PATTERN 
statements, the software issues an error and stops 
processing the file.31 


81 Refer to the following topics, in this chapter, for additional details: AUTHOR, COMPANY, DATE, 


DECLARATION SEGMENT, REVISION, and TITLE 
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PIN This keyword begins a statement that allows you to 
assign names and attributes to device pins. 


Devices Supported: All PLD devices. 


SYNTAX Include the PIN keyword in the declaration segment of 
Boolean and state-machine designs. 
Syntax 
PIN Location_number Name Storage 
Example 
PIN 1 IN1 COMB 
PIN 8 IN2 REG 
PIN 16 OUT 
Definitions Constructs following the keyword PIN are defined 
below. Additional details are provided under use. 
Location _number Location_number identifies the pin number, as defined 
in the device datasheet or Chapter 11. For MACH- 
device designs you can place a question mark in this 
field to define a floating pin.82 
Name 


Name defines the name of the pin. Each name must 
be unique and must follow the location_number field. 


¢ Begin the name with an alpha character; use any 


combination of up to 14 upper- or lowercase 
alphanumeric characters: A-Z and 0-9. 


82 Refer to FLOATING PINS AND NODES, in this chapter, for additional details. 
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PIN 


Important: Keep names in a schematic less than 
or equal to 14 characters. Part and pin names in 

the schematic may be concatenated when data is 
converted into PDS format. Any name longer than 
14 characters is automatically truncated. 


¢ Use the underscore as a connector and a forward 
slash to affect polarity; no other symbols or 
punctuation are allowed and no keywords, reserved 
words, or logic operators are allowed. 


Note: The forward slash is not supported for 
schematic-based designs. 
You can use ranges and vector notation to define pin 
names. You must use the same number of pins as 
names in ranges and vectors. All pins defined within a 


range or vector notation have the same storage type 
and polarity attributes. 


Storage Storage defines the pin storage type.85 You can 
specify one of the following three storage types. 


¢ COMBINATORIAL or COMB 
¢ REGISTERED or REG 
¢ LATCHED or LAT 


Note: You need only enter the first three or four 
letters of the storage attribute. 
lf you do not select a pin type, the software defaults to 
combinatorial, even if the device you selected in the 


CHIP statement is fully registered. This helps 
portability of designs across all devices. 


83 Refer to Chapter 11, in this section, to determine the correct storage type for the device. 
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USE PIN statements must follow the CHIP statement. Use a 
separate line for each PIN statement. You do not have 
to place the PIN statements in numerical order. You 
can only place comments between PIN statements, not 
within a PIN statement. Separate each pin attribute by 
one or more blanks. 


Declare only the pins you are using. The software 
automatically assigns the name NC, no connect, to all 
pins that are not declared. 


You must declare the VCC and GND pins.®4 You 
cannot use different names for VCC and GND. 


Pin statements in the current version of the software 
differ from the pin list of previous versions. However, 
the old syntax is fully compatible with the new syntax.85 


84 Refer to the individual device datasheet or Chapter 11, in this section, for the correct VCC and 
GND pin numbers. 


85 Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, CHIP, 
COMBINATORIAL, DECLARATION SEGMENT, LATCHED, NODE, OPERATOR, PAIR, 
REGISTERED, and VECTOR. 
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PRELOAD This simulation keyword loads specified values into the 
register outputs. Even if a device does not physically 
support the preload feature, you can simulate the 
design as though it does, but JEDEC test-vector 
generation is turned off. 


Devices Supported: All registered PLD devices, 
except PAL22IP6, PAL23S8, PAL16RA10, and 
PAL20RA10. 


SYNTAX Use this keyword in the simulation segment of Boolean 
and state-machine designs. 


Syntax 
PRELOAD Prefix_pns 


Example 


SIMULATION 
PRELOAD QO /Q1 PLAYING 


Definitions Parameters following the keyword are defined below. 
Additional details are provided under Use. 


Prefix The prefix specifies the logic state of the corresponding 


pin, node, or state. Do not leave a blank between 
Prefix and pns. There are two prefixes: null and 
forward slash. 


¢ You specify the null prefix to load a logical 1 into 
the associated register output. In the syntax 
example, QO has a null prefix. 


When used in conjunction with a state name, the 
null prefix loads the specified state. In the syntax 
example, PLAYING has a null prefix. 


¢ You specify the forward slash to load a logical 0 


into the associated register output. In the syntax 
example, QO has a forward-slash prefix. 
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PRELOAD 


Pns You specify the pin, node, or state to be preloaded 
immediately following the corresponding prefix. 


You can list more than one pin or node. You can also 
use groups and Strings. 


USE PRELOAD loads specified logic values into the 
corresponding device registers. Therefore, if the signal 
is inverted between the node and pin, the value at the 
pin will be the inverse of the preloaded value.86 


Some devices provide a hardware preload feature that 
is activated by a dedicated pin or product term. Use the 
SETF command for control of these preload features. 


Note: Even if a device does not physically support the 
preload feature, you can simulate the design as though 
it does. 


PRELOAD places a "P" in the clock field(s) of the 
JEDEC vector for PAL and PLS devices, as specified in 
the JEDEC 3A standard. For MACH devices, the 
buried preload vector "B" is used as defined by the 
JEDEC 3B standard. 


86 Refer to the specific device datasheet to determine the correct preload value for the particular 
flip-flop. 
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.PRLD This reserved word defines the conditions in a 
functional equation when the preload function is 
activated in devices with logic-controlled preload. 
When the .PRLD equation is true, you can preload flip- 
flops with the desired value from the corresponding I/O 


pin. 


Devices Supported 


PALCE29M16 PALCE29MA16 


SYNTAX Use the .PRLD functional equation in the equations 
segment of Boolean designs. 
Syntax 


Node.PRLD Assignment Operator Expression 
Example 


EQUATIONS 
a0 = /00 
GLO.PRLD = Qo * /Q1 

Definitions All parameters are defined below. 

Node.PRLD Node.PRLD identifies the node associated with the 
register you want to preload. On the PALCE29M16, 
this is the global node. 

Assignment Operator The assignment operator is a symbol that defines a 
specific operation as interpreted by the software when 
processing design files.8” 

Expression | Expression identifies logic you assign to define the 


conditions when the preload function is activated. 


87 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 
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-PRLD 


USE You can place the .PRLD equation anywhere in the 
equations segment. The .PRLD equation may fit on 
more than one product term, depending on the device. 
The following rules apply. 


¢ Do not use multiple functional equations for the 
same pin or node. Otherwise, an error is reported 
during compilation and the processing stops. 


¢ Do not use negative polarity on the left side of the 
equation. For example, /Q1.PRLD is illegal. 


Logic preloads use SETF and the pin polarity 
defined in the pin declaration segment to determine 
preload polarity. 


Note: Super voltage preloads evaluate a com- 
plemented pin, /A, as preload low. If there is no 
complement, then it is a preload high. 


¢ Disable any product-term enables when .PRLD is 
low.88 


In simulation, the SETF command asserts the product 
term defined by .PRLD to determine the preload values. 


In the simulation history file, .PRLD is represented by 
the letter P, SETF by the letter H, and .RSTF by the 
letter L.89 


88 —- Refer to the specific device datasheet for complete information. 


83 Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, FUNCTIONAL EQUATIONS, PRELOAD, and SETF. 
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PRLDF PRLDF assigns a value to a register output to force the 
specified value at the pin. Use the PRLDF keyword in 
the simulation segment of Boolean and state-machine 


designs. 
Devices Supported 
PAL22IP6 PAL23S8 PAL16RA10 PAL20RA 10 
SYNTAX Use this keyword in the simulation segment of Boolean 
and state-machine designs. 
Syntax 
PRLDF Prefix_rns 
Example 
SIMULATION 


PRLDF 01 /02 


Definitions Parameters following the keyword are defined below. 
Additional details are provided under Use. 


Prefix The prefix specifies the logic state of the corresponding 
register, node, or state. Do not leave a blank between 

Prefix and rns. There are two prefixes: null and 

forward slash. 

¢ The null prefix indicates the pin value should be a 
logical 1 if the polarity is not inverted in the pin 
declaration of the design. In the syntax example, 
01 has a null prefix. 

e — The forward slash indicates that the pin or node 
should be a logical 0 if the polarity is not inverted in 
the pin declaration of the design. In the syntax 
example, 02 has a forward-slash prefix. 

Rns You specify the value to be preloaded immediately 


following the corresponding prefix. 
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PRLDF 


You can list more than one pin or node. You can also 
use groups and strings. 


USE PRLDF loads a value into a register so that specified 
logic values appear at the pin. If an inverter exists 
between the register output and the pin, PRLDF 
compensates for the inversion by inverting the register 
contents. 9° 


some devices provide a hardware preload feature that 
is activated by a dedicated pin or product term. Use the 
SETF command to control preload. 


For devices with a preload pin, PRLDF disables the 


outputs, enables preload, loads the registers with the 
values, disables preload, and then enables the outputs. 


Note: Even if a device does not physically support the 


preload feature, you can simulate the design as though 
it does.91 


PRLDF places a P in the clock field of the JEDEC 
vector for devices with supervoitage preloads. 


90 Refer to the individual device datasheet to determine the correct preload value for the particular 
flip-flop. 


91 Refer to the following topics, in this chapter, for additional details: CHECK, .PRLD, PRLDF, and 
SETF. 
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.R EQUATION This equation defines when to set the R input high on 


S-R flip-flops. 
Devices Supported 
PLS105 PLS167 PLS168 PLS30S16 PALCE610 PAL22IP6 
SYNTAX Use the .R equation in the equations segment of design 
files with Boolean or state-machine designs. 
Syntax 
Pn.R Assignment Operator Expression 
Example 
EQUATIONS 
Q1.R = IN] * /IN2 
Definitions All parameters are defined below. 
Pn.R Pn.R identifies the pin or node associated with the S-R 
flip-flop. The name must be defined in an earlier PIN or 
NODE statement in the declaration segment. 
Assignment Operator The assignment operator is a symbol that defines a 
specific operation as interpreted by the software when 
processing design files.92 
Expression Expression identifies the logic you define to determine 


when the R input in an S-R flip-flop is set high. In the 
example, when IN1 is true and IN2 is false, the R input 
in the S-R flip-flop associated with the pin or node Q_1 is 
set high. 


92 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 
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.R EQUATION 


USE You can place the .R equation anywhere in the 
equations segment. Observe the following rules. 


¢ You cannot have multiple equations for the same 
pin. If you do, the software reports an error during 
compilation and processing stops. 


e« You cannot use negative polarity on the left side of 
the equation. For example, /Q1.R is not allowed. 


e You can use the group, string, and vector notation 


to define signals. This is an excellent way to assign 
a. R equation to several pins.99 


93 Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, and .S EQUATION. 
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REGISTERED This reserved word defines the output data-storage 
type on devices with registered outputs. A registered 
output stores its value regardless of any data changes. 
New data is placed in the register by an edge-sensitive 
clock signal. A register may consist of D, T, S-R, and 
2-T flip-flops. 


Devices Supported 

PAL10H20EV8 PAL16R4 PAL16R6 PAL16R8 PAL16RA8 PALI6RP4 
PAL16RP6 PAL16RP8 PALCE16V8 PAL18U8 PAL20R4 PAL20R6 
PAL20R8 PAL20RA10 PAL20RS4 PAL20RS8 PAL20RS10 PALCE20V8 


PAL20X4 PAL20X8 PAL20X10 PAL22IP6 PAL22RX8 PAL22V10 
PAL23S8 PAL24R10 PAL24R4 PAL24R8 PAL26V12 PALCE29M16 
PALCE29MA16 PAL32R16 PAL32VX10 PAL64R32 PALCE610 PLS105 
PLS167 PLS168 PLS30S16 MACH 1 MACH 2 


SYNTAX You include the optional reserved word in the PIN or 
NODE statement of Boolean and state-machine 
designs. 

Syntax 

PIN or 
NODE Number Location_name Storage 
Example 


CHIP COUNTER PAL16R8 


PIN 15 OUT1 REGISTERED 
PIN 16 OUT2 REG 
Definitions Only the reserved word is discussed below. 
Storage The storage value defines the pin or node storage type. 
If you do not specify a storage type, combinatonal is the 
default. 
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REGISTERED 


¢ Place the reserved word REGISTERED after the 
pin or node name in the corresponding statement. 


¢ Use either the complete word REGISTERED or the 
three-letter abbreviation, REG. 


USE There are two ways to specify the storage type. 


e Use the declaration segment form: you select the 
storage field, display the option list, and select an 
option. 


¢ Type the storage value in the appropriate PIN or 
NODE statement in the PDS file using a text editor. 


PALASM requires a data-storage type for each I/O or 
output pin: COMBINATORIAL, LATCHED, or 
REGISTERED. The software requires the registered 
pin or node type even if the pin or node can only be 
registered.94 


94 Refer to the following topics, in this chapter, for additional details: COMBINATORIAL, 
DECLARATION SEGMENT, LATCHED, NODE, and PIN. 
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REVISION This keyword begins the statement that defines the 
revision of the current design. The design revision is 
useful for documentation purposes. 


Devices Supported: All PLD devices. 


SYNTAX You use this keyword in the declaration segment of 
Boolean and state-machine designs. 
Syntax 
REVISION Design_revision 
Example 
TITLE 
PATTERN 
REVISION 2.2B 
AUTHOR 
COMPANY 
DATE 
CHIP 
Definitions Only the descriptor following the keyword REVISION is 
discussed. 
Design_revision Design_revision is optional and may be any 


combination of up to 59 alphanumeric characters that 
designates the current version of the design. 


¢ You can use other symbols or punctuation; 
however, you cannot use the dollar sign. 


e You can use reserved words in this statement. 
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REVISION 


USE The following error conditions pertain to the REVISION 
statement. 


e Without the REVISION statement, the software 
issues a warning and continues processing the file. 


e With multiple REVISION statements, the software 
issues an error and stops processing the file.9° 


95 Refer to the following topics, in this chapter, for additional details: AUTHOR, COMPANY, DATE, 
PATTERN, and TITLE. 
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.RSTF This reserved word defines when to assert a reset 
signal high on devices having flip-flops or registers with 
a reset input. 


Devices Supported 
PAL10H20EG8 PALIOH20EV8  PAL16RA8 PAL20RA10 PAL22IP6 PAL22RX8 


PAL22V10 PAL23S8 PAL26V12 PALCE29M16 PALCE29MA16 PAL32VX10 
PALCE610 PLS105 PLS167 PLS168 PLS30S16 MACH 1 
MACH 2 


SYNTAX You use this reserved word in a functional equation in 
the equations segment of Boolean and state-machine 
designs. 

Syntax 

Pn. RSTF Assignment Operator Expression 
Example 
EQUATIONS 
a0 = /Q1 */0Q2 
Q0.RSTF = RST * /SET 
Definitions All parameters are defined below. 
Assignment Operator The assignment operator is a symbol that defines a 


specific operation, as interpreted by the software when 
processing design files.9© 


Pn.RSTF Pn.RSTF identifies the pin or node associated with the 
flip-flop having a reset input. 


Expression Expression defines the logic conditions that determine 
when to assert the reset signal high. In the previous 
example, the reset pulse is initiated when RST is true 
and SET is false. 


96 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 
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USE 


.RSTF 


Multiple .RSTF statements for the same pin or node are 
automatically ORed together into one statement. This 
can result in an error during either assembly or fitting. 
You can specify a global reset on devices with global 
nodes, for example, global node.RSTF. 


You cannot use negative polarity on the left side of an 
equation. For example, /Q1.RSTF is not allowed. 


You can use the GROUP, STRING, and VECTOR 
notation to define signals. This is an excellent way to 
assign a functional equation to several pins and nodes. 


Depending on the device, the reset line is synchronous 
or asynchronous. On the PAL16RA8, if both preset and 
reset of a flip-flop are high, the flip-flop is bypassed. 


In the simulation history file, .RSTF is represented by 
the letter L, SETF by the letter H, and .PRLD by the 
letter P.97 


97 Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, FUNCTIONAL EQUATIONS, PRELOAD, and SETF. 
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.S EQUATION This equation defines when to set the S input on S-R 


flip-flops high. 

Devices Supported 

PLS105 PLS167 PLS168 PLS3016S PALCE610 PAL22IP6 

SYNTAX Use the .S equation in the equations segment of 
Boolean or state-machine designs. 

Syntax 

Pn.S Assignment Operator Expression 

Example 

EQUATIONS 
a1. = IN] * /IN2 

Definitions All parameters are defined below. 

Pn.S Pn.S is the pin or node associated with the S-R flip-flop. 
The name must be defined in an earlier PIN or NODE 
statement in the declaration segment. 

Assignment Operator The assignment operator is a symbol that defines a 
specific operation as interpreted by the software when 
processing design files.98 

Expression Expression identifies the logic you define to determine 


when the S input in an S-R flip-flop is set high. In the 
syntax example, when IN1 is true and IN2 is false, the 
S input in the S-R flip-flop associated with the pin or 
node Q1 is set high. 


98 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 
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.S EQUATION 


USE You can place the .S EQUATION anywhere in the 
equations segment. Observe the following rules. 


« You cannot have multiple equations for the same 
pin or node. If you do, the software reports an error 
during compilation and the process stops. 


¢ You cannot use negative polarity on the left side of 
the equation. For example, /Q1.S is not allowed. 


¢ You canuse GROUP, STRING, and VECTOR 
notation to define signals. This is an excellent way 
to assign a .S equation to several pins.99 


99 Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, GROUP, STRING, and VECTOR. 
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SETF 


This reserved word defines when to assert a preset 
signal high on devices having flip-flops or registers with 
a preset input. 


Devices Supported 


PAL1OH20EG8 PAL10H20EV8 


PAL22V10 PAL23S8 
PAL32VX10 PALCE610 


PAL16RA8 PAL20RA 10 PAL22IP6 PAL22RX8 
PAL26V12 PALCE29M16 PALCE29MA16 
PLS105 PLS167 PLS168 PLS30S16 


MACH 1 MACH 2 


SYNTAX You use this reserved word in a functional equation in 
the equations segment of Boolean and state-machine 
designs. 

Syntax 

Pn.SETF Assignment Operator Expression 
Example 
EQUATIONS 
Q0 = /Q1 */02 
Q0.SETF = /RST * SET 
Definitions All parameters are defined below. 
Pn.SETF Pn.SETF identifies the pin or node associated with the 


Assignment Operator 


Expression 


flip-flop. The name must be defined in an earlier PIN or 
NODE statement in the declaration segment. 


The assignment operator is a symbol that defines a 
specific operation as interpreted by the software when 
processing design files. 1° 


Expression defines the logic conditions that determine 
when to assert the preset signal high on flip-flops or 
registers that support preset inputs. 


100 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 
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SETF 


USE Multiple .SETF statements for the same pin or node are 
automatically ORed together into one statement. This 
can result in an error during either assembly or fitting. 
You can specify a global preset on devices with global 
nodes, for example, global node.SETF. 


You cannot use negative polarity on the left side of the 
equation. For example, /Q1.SETF is not allowed. 


You can use the GROUP, STRING, and VECTOR 
notation to define signals. This is an excellent way to 
assign a functional equation to several pins and nodes. 


Depending on the device, the preset line is syn- 
chronous or asynchronous. !91 


If you define the outputs as COMBINATORIAL, the 
default value for preset is VCC, unconditional high. If 
you define the outputs as registered, the default value 
is GND, unconditional low. 


In the simulation history file, SETF is represented by 
the letter H, RSTF by the letter L, and .PRLD by the 
letter P.102 


101 Refer to the Chapter 11, in this section, for details on using .SETF with a specific device. 


102 Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, FUNCTIONAL EQUATIONS, GROUP. .RSTF, STRING, and VECTOR. 
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SETF SETF assigns values to specific inputs during 
simulation. 


Devices Supported: All PLD devices. 


SYNTAX Include the SETF command in the simulation segment 
or auxiliary simulation file for Boolean and state- 
machine designs. 


Syntax 
SETF Prefix_pn 


Example 


SIMULATION 
SETF IN1 /OE 


Definitions Parameters following the keyword are defined below. 
Additional details are provided under Use. 


If the signal being set is defined with the same polarity 
as in the PIN or NODE declaration segment, the signal 
is set to a logical 1. If the polarity is reversed, the 
signal is set to a logical 0. 


Note: The following examples are valid only when the 
signals are defined as active-high in the PIN or NODE 
declaration segment. 


Prefix The prefix specifies the logic state of the associated 
input pin or node. There are two prefixes: null and 
forward slash. 


e The null prefix sets the corresponding input to a 
logical 1. In the syntax example, IN1 has a null 
prefix. 


e The forward slash sets the corresponding input to a 
logical 0. In the syntax example, OE has a forward- 
slash prefix. 


10-164 PALASM 4 USER'S MANUAL, SECTION IV, SOFTWARE REFERENCE February 1991 


SETF 


Pn Pn is the input pin or node to be set. 


USE You can list more than one pin or node. Separate 
multiple pins or nodes with a blank. You can also use 
groups and strings. 


If the signal being set is defined with the same polarity 
as in the PIN or NODE declaration segment, the signal 
is set to a logical 1. If the polarity is reversed, the 
signal is set to a logical 0. 


You cannot use the SETF command to set states. 
However, you can use the SETF command to set input 
values. 


The software shows each occurrence of SETF by 


placing the letter g in the header of the waveform and 
text simulation files. 
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SIGNATURE This keyword allows you to program user-defined data 
into devices having a SIGNATURE word function. This 


data can be used for such purposes as user 
identification, revision control, or inventory control. 


Devices Supported 


PALCE16V8 PALCE20V8 


SYNTAX You use this keyword in the declaration segment of 
Boolean and state-machine designs. 


Syntax 
SIGNATURE Assignment Operator Number or String 


Example 


DECLARATION 


PIN 18 /0UT8 REG 


SIGNATURE = V2_5/89 
Definitions Only the parameters Number and String are discussed 
below. 
Number or String Number or string is either a base (radix) number or an 


alphanumeric character string. 


SIGNATURE supports four number radices; the default 


is decimal. 

¢ Binary #B or #b 
¢ Decimal #D or #d 
* Hexadecimal #H or #h 
- Octal #O or #0 


The software allows a maximum of 64 bits for the radix 
number. This translates to the following list of 
maximum digits allowed for each radix. 
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SIGNATURE 
| RADIX | MAXIMUMNUMBEROFDIGITS 


Binary 
Hex 
Octal 
Decimal 


If you exceed the maximum number of digits allowed for 
a radix, the software issues a warning and truncates the 
extra most significant bits. 


If a number contains a blank, non-number, a decimal 
number, or any other alphanumeric character except 
the radix operator, the software treats the entire 
character string as alphanumeric. 


In using alphanumeric characters, observe the following 
guidelines. 


e You can use any combination of alphanumeric 
characters up to a maximum of eight characters. 


If the number exceeds eight, the software issues a 
warning and truncates the extra characters to the 
right. 


¢ You can use underscores and blanks. 


The software converts alphanumeric characters to 
ASCII and all lowercase characters to uppercase. 


USE Place the SIGNATURE statement after the PIN or 
NODE statements. Observe the following rules. 


e You can place the SIGNATURE statement in any 
order with the GROUP or STRING statements. 


e You can use only one SIGNATURE statement for 
each device. 
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SIGNATURE 


e You must use the assignment operator, =, in the 
statement. 


If you have multiple SIGNATURE statements, the 
software issues a warning and programs the last 
SIGNATURE statement. 


You can access signature information even if the 
security fuse has been programmed. !°3 


103 Refer to DECLARATION SEGMENT and OPERATOR, in this chapter, for additional details. 
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SIMULATION Use the SIMULATION keyword to start the simulation 
segment . 


Devices Supported: All PLD devices. 


SYNTAX 


Syntax 


SIMULATION 
Example 


SIMULATION 


Definitions No parameters are required with this keyword. 


USE Use the SIMULATION keyword to start the simulation 
segment or auxiliary simulation file of Boolean and 
state-machine designs. 
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START UP This keyword allows you to power up in a specific state 
or asynchronously branch to a state whenever an 
initialization Condition occurs. 


Devices Supported: All devices that support state- 
machine descriptions. 


SYNTAX The START_UP keyword is used in Moore machines. 
START_UP.OUTF is used in registered Mealy 
machines. 

Syntax 

START_UP = POWER_UP -> Statel 


+ Conditionl -—> State2 


START_UP.OUTF := POWER_UP -> Outputs 
+ Conditionl —> Outputs 
Example 


STATE 
;State Setup and Defaults 


Moore machines 


START_UP := POWER_UP -—> Sl 
+ INIT —> Sl 


;Powers up and initializes to Sl 


Mealy machines 
START_UP .OUTF = 01 * 02 
+ INIT -—> 01*02 


;State Assignments 
S1 = /STATE BIT1 * /STATE BIT2 
;S1 value is 00 


;State Equations 
SL = FC-=>-S$3 
+ FCC -> $7 


Definitions Parameters following the keyword are defined below. 
Additional details are discussed under Use. 
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START_UP 


State1 When power is applied to the device, the device goes to 
state1. 


¢ Indevices that initialize with all flip-flops high or all 
flip-flops low, the START_UP command assigns the 
appropriate all-high or all-low state-bit code to the 
specified state. 


e Indevices with programmable power up, the 
START_UP command programs the device to 
power up in the specified state. If you specify a 
particular state-bit code using the manual state-bit 
assignment syntax, the software programs the flip- 
flops to initialize with the specified values. 


Conditiont1 Condition’ is a user-defined condition that specifies 
when an initialization occurs. When the condition is 
true, the device is initialized asynchronously to state2. 


A condition must be defined in the condition section of 
the state-machine design. If the condition consists of a 
single input, the input name can be used in place of the 
condition name. 


State2 This state occurs as a result of the initialization 
condition. This state may differ from the power-up 
state. 

USE Use initialization routines to ensure the state machine 


powers up in a known state or branches to a known 
state whenever initialization occurs. 


If you do not include a START_UP statement, the 
device will power up in the state that appears in the first 
transition equation in the PDS file. 
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START_UP 


The first line of the example contains the power-up 
state. When power is applied to the device, it goes to 
this state. It may be helpful to think of power up as a 
"cold boot." 


The second line of the START_UP statement defines 
the initialization state. Only devices with programmable 
initialization support this function of the START_UP 
statement. 104 


STARTUP.OUTF allows you to define the outputs at 
power-up and initialization. This is especially useful for 
synchronous Mealy machines where outputs are 
delayed by one cycle from their respective states.195 


You cannot use a default branch in the START UP 
statement. 


104 Refer to Chapter 11, in this section, for information on specific devices. 


105 Refer to .OUTF and STATE EQUATIONS, in this chapter, for additional details. 
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STATE Use the STATE keyword to identify the state segment 
of state-machine designs. The state segment contains 
setups, defaults, and state equations. 


Devices Supported 


PAL10H20EV8 PAL16R4 PAL16R6 PAL16R8 PAL16RP4 PAL16RP6 
PAL16RP8 PALCE16V8 PAL18U8 PAL20R4 PAL20R6 PAL20R10 
PAL20RS4 PAL20RS8 PAL20RS10 PALCE20V PAL20X4 PAL20X8 


PAL20X10 PAL22RX8 PAL22V10 PAL23S8 PAL24R10 PAL24R4 
PAL24R8 PAL26V12 PALCE29M16 PALCE29MA16 PAL32R16 PAL32VX10 
PALCE610 PLS105 PLS167 PLS168 PLS30S16 MACH 1 
MACH 2 


SYNTAX Use the state keyword in the PDS file after the 
declaration segment. If your design contains a mix of 
state-machine and Boolean equations, it can appear 
before or after the Boolean segment. 


Syntax 
STATE 


State Setup and Defaults 

State Equations 
Transition Equations 
Output Equations 
State Assignment Equations 


Condition Equations 
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STATE 


Example 


STATE 
;State Setup and Defaults 
MOORE MACHINE 
START_UP := POWER_UP -—> Sl 
DEFAULT_BRANCH HOLD_STATE 
;state Transition Equations 
S1 := COND1-> $3 

+ COND2 -> S7 


;State Output Equations 
S1.QOUTF = OUT1*/OUT2 


;state Assignment Equations 
S1 = /STATE BIT1 * /STATE BIT2 


;State Condition Equations 
CONDITIONS 
COND1 = IN] * /IN2 * IN3 


Definitions Parameters following the keyword are defined below. 
Additional details are provided under Use. 


Setup and Defaults Statements at the beginning of the state segment 
identify the state machine. CLKF, MASTER_RESET, 
MEALY_ MACHINE, MOORE_MACHINE, START_UP, 
and START_UP.OUTF appear in this section. 
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STATE 


State Equations 
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State-machine designs can have global and local 
defaults. Global defaults are defined by 
DEFAULT_BRANCH, DEFAULT_OUTPUT, and 
OUTPUT_HOLD. Local defaults are defined in the 
state equations with the local default operator, +->. 


There are four types of state-machine equations. They 
have the following functions. 


Transition equations (required) 


For each state, these conditions specify what the 
next state will be under various conditions. See 
Condition equations below. 


Output equations (optional) 


These equations specify the outputs of the state 
machine. No output equations are required in cases 
where the state bits themselves are the outputs. 


State assignment equations (optional) 


These equations specify the bit code to be 
assigned to each state name used in the design. If 
these equations are omitted, the software assigns 
the bit codes automatically. 


Condition equations (normally required) 


These equations specify a condition name for each 
set of input values used to determine a transition. 
You can use input names directly only if a single 
input controls the transition; otherwise, you must 
use condition names. 


February 1991 


STATE 


USE The state segment follows the declaration segment of 
the PDS file. If the design has an equations segment, 
the state segment can precede or follow it. 


Important: The state segment typically replaces the 
equations segment. It is possible to modify state 
equations with Boolean equations by including both 
equation and state segments, in any order. In this 
case, you must select the Merge Mixed Mode option 
from the Compile Setup menu. 


The STATE segment supports the following 
reserved words. 


©  CLKF 

- CONDITIONS 

- DEFAULT_BRANCH 
* DEFAULT_OUTPUT 
- HOLD STATE 

- MASTER_RESET 

- MEALY_MACHINE 

- MOQ@RE_MACHINE 
- NEXT_STATE, 

-  .OUTF 

- OUTPUT_ENABLE 

- OUTPUT_HOLD 

- START_UP 

- STATE 
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STATE 


State assignment equations define the unique bit codes 


ASSIGNMENT to be assigned to each state name used in the design. 
EQUATION The bit codes are composed of state bits that are stored 
in flip-flops. 


Devices Supported 


PAL10H20EV8 
PAL16RP8 
PAL20RS4 
PAL20X10 
PAL24R8 
PALCE610 
MACH 2 


PAL16R4 PAL16R6 PAL16R8 PAL16RP4 PAL16RP6 
PALCE16V8 PAL18U8 PAL20R4 PAL20R6 PAL20R8 
PAL20RS8 PAL20RS10 PALCE20V8 PAL20X4 PAL20X8 


PAL22RX8 PAL22V10 PAL23S8 PAL24R10 PAL24R4 


PAL26V12 PALCE29M16 PALCE29MA16 PAL32R16 PAL32VX10 
PLS105 PLS167 PLS168 PLS30S16 MACH 1 


SYNTAX Use state assignment equations in the state segment of 
state-machine designs. 

Syntax 

State name Assignment Operator State Bits 
Example 
STATE 
;state Assignments 
$1 = /STATE BIT1 * /STATE BIT2 
S2 = /STATE BIT1 * STATE BIT2 
$3 = § STATE BIT] * /STATE BIT2 
S4 = STATE BIT1 * STATE BIT2 
;State Equations 
Sl := FC -> $3 
+ FCC -> $7 

Definitions Parameters following the keyword are defined below. 
Additional details are provided under Use. 

State Name The user-defined state name must be unique and can 
have up to 14 alphanumeric characters. It cannot 
contain operators or reserved words. 
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Assignment Operator The assignment operator is a symbol that defines a 
specific operation as interpreted by the software when 
processing design files. 196 


Statebits The state bit name composes the bit code. The state 
bit name is register name, as defined in the PIN or 
NODE statements. Use an asterisk, *, to separate 
State bits. Use polarity notation to indicate the value of 
each state bit. 


USE State assignments follow state defaults and precede 
condition equations. Use the assignment operator, =, 
to define state assignments. 


Each state assignment must include the complete set of 
state bits.197 if you use three state bits for eight states, 
each assignment must include all three bits. 


The example uses two state bits, State Bit! and 

State Bit2. When both are low, the device is in state 
S1. When State Bit1 is low and State Bit2 is high, the 
device is in state S2. When State Bit1 is high and State 
Bit2 is low, the device is in state S3; when both are 
high, the device is in state S4. 


For large designs in which you use many state bits (six 
or more), you may not want to list all possible state bit 
combinations. However, not defining all possible state 
bit combinations leaves some undefined or illegal 
states. 


106 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 


107 Refer to Section Il, Chapter 4, for information on choosing state bit assignments. 
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The present state is defined by the contents of the state 
register, which consists of n bits capable of defining 2” 
possible states. Before you can determine the present 
state, you must know the contents of all n bits. For 
example, three-state register bits define up to 24, or 
eight, possible states. 


To define a state machine with 2” states, you need a 
device with n registered outputs or buried registers 

. (nodes) to use as state register bits. For example, the 
PAL16R8 has eight registered outputs and accom- 
modates up to 28 or 256, states, provided you do not 
use any of the registers for other purposes such as 
independent outputs. !98 


lf you do not assign state bits, the software assigns 
them automatically. The software assigns state bits to 
outputs that aren't defined by PIN or NODE statements. 
Look at the Execution log file to determine the 
automatic state bit assignments made by the 

software. 109 


108 Refer to STATE and STATE EQUATIONS, in this chapter, for additional details. 


109 Refer to Chapter 9, in this section, for more information on execution log file. 
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STATE STATE EQUATIONS control the transitions, outputs, 
EQUATIONS state assignment and conditions of state machines. 


Devices Supported 

PAL10H20EV8 PAL16R4 PAL16R6 PAL16R8 PALI6RP4 PALI6RP6 
PALI6RP8 PALCE16V8 PAL18U8 PAL20R4 PAL20R6 PAL20R8 
PAL20RS4 PAL20RS8 PAL20RS10 PALCE20V8 PAL20X4 PAL20X8 


PAL20X10 PAL22RX8 PAL22V10 PAL23S8 PAL24R10 PAL24R4 
PAL24R8 PAL26V12 PALCE29M16 PALCE29MA16 PAL32R16 PAL32VX10 
PAL64R32 PALCE610 PLS105 PLS167 PLS168 PLS30S16 
MACH 1 MACH 2 


SYNTAX Use these equations in the state segment of the design 
to define the behavior of the state machine. 


Syntax 


State Equations 
Transition Equations 
Output Equations 
State Assignment Equations 
Condition Equations 


Example 


STATE 
;State Setup and Defaults 
MOORE MACHINE 
START_UP := POWER_UP -—> Sl 
DEFAULT_BRANCH HOLD_STATE 
;state Transition Equations 
S1 := COND1-> S3 

+ COND2 -—> S7 


;state Output Equations 
S1.OUTF = OUT1*/OUT2 


;State Assignment Equations 
S1 = /STATE BIT1 * /STATE BIT2 


;State Condition Equations 
CONDITIONS 
COND] = INI * /IN2 * IN3 
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Definitions Parameters following the keywords STATE EQUA- 
TIONS are defined below. Additional details are 
discussed under Use. 


Transition Equations These equations specify, for each state, what the next 
state will be under various conditions. 


Output Equations Output equations specify the output of the state 
machine. For a Moore machine, they define the 
outputs for a given state. For a Mealy machine, they 
define the outputs for a given state and input condition. 


State Assignment These assignments define states as unique combi- 
Equations nations of register bits. 
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Condition Equations Condition equations specify a condition name for each 
set of input values used to determine a transition. You 
can use input names directly only if a single input 
controls the transition; otherwise, you must use 
condition names. 


USE The order of state equations is not important except for 
condition equations which have their own section under 
the CONDITIONS keyword. The conditions segment 
must terminate the state segment. 


Setups and defaults are not equations and must appear 
at the beginning of the state segment.!1° 


110 Refer to the following topics, in this chapter, for additional details: CONDITIONS, .OUTF, STATE, 
STATE ASSIGNMENT EQUATION, and STATE TRANSITION EQUATION. 
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STATE OUTPUT 
EQUATION 


Devices Supported 


STATE OUTPUT EQUATIONS control state-machine 
outputs. 111 


PAL1OH20EV8 PAL16R4 PAL16R6 PAL16R8 PAL16RP4 PAL16RP6 
PAL16RP8 PALCE16V8 PAL18U8 PAL20R4 PAL20R6 PAL20R8 
PAL20RS4 PAL20RS8 PAL20RS1 PALCE20V8 PAL20X4 PAL20X8 


PAL20X10 PAL22RX8 PAL22V10 PAL23S8 PAL24R10 PAL24R4 
PAL24R8 PAL26V12 PALCE29M16 PALCE29MA16 PAL32R16 PAL32VX10 
PALCE610 PLS105 PLS167 PLS168 PLS30S16 MACH 1 
MACH 2 


SYNTAX 

Syntax 

Moore machines Statename.OUTF 
Mealy machines Statename.OUTF 
Example 


Moore machines TWO.OUTF 


Mealy machines TWO.OUTF 


Definitions 


Include output equations in the state segment of state- 
machine designs after setup and defaults and before 
the condition equations. 


Output expression 


Condition 1 -—> Output 1 
+ Condition 2 -> Output 2 


+ Condition n -—> Output n 
+-> Local default 


= /CNT2 * CNT1 * /CNTO 
= RUN_UP -> /CNT2 * CNT1 * /CNTO 


TEST -> CNT2 * CNT1 * CNTO 
+-> /CNT2 * /CNT1 * /CNTO 


The construct immediately preceding, and all constructs 
following, the keyword are defined below. Additional 
details are provided under Use. 


111 Refer to .OUTF, in this chapter, for a description of state output equations. 


10-188 PALASM 4 USER’S MANUAL, SECTION IV, SOFTWARE REFERENCE February 1991 


STATE OUTPUT EQUATION 


Statename Statename identifies the name of the state as specified 
in the state assignments or state transition equations. 
It must be unique and can have up to 14 alphanumeric 
characters. 


Outputs Outputs are pin names with appropriate logic sense to 
create the desired logic values. Outputs are separated 
by an asterisk, *. Inthe syntax example, when the 
Moore machine is in state TWO, the output bits CNT2, 
CNT1 and CNTO will be 0, 1, and 0, respectively. 


When the Mealy machine is in state TWO and the 
inputs match the condition defined as RUN_UP, the 
output bits CNT2, CNT1 and CNTO will be 0, 1, and 0, 
respectively. 


You specify the output values regardless of pin polarity. 
The software adjusts polarity as necessary. 


Conditions In a Mealy machine, the outputs depend on the current 
state and the current input conditions. This entry 
specifies the condition under which the specified output 
willoccur. The condition names must be defined in the 
conditions section of the state-machine design. 


If the condition consists of a single input, the input 
name may be used in place of the condition name. You 
can use VCC to specify an unconditional output. 


Moore machine outputs do not have conditions since 
their outputs are determined only by the present state. 


Local Default This output is generated if none of the conditions is 
satisfied. Local defaults are valid only for Mealy 
machines. Local defaults override global defaults. 
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USE You can place output equations anywhere within the 
state segment. You may prefer to have all of the output 
equations after all of the state equations or following 
each state equation with its corresponding output 
equation. 


You can use the following operators in STATE 
OUTPUT EQUATIONS. 


Operator | DERINION, 


Conditional output for Mealy machines 
Local default for a Mealy machine 
Combinatorial assignment operator 


For Mealy machines, conditions in .OUTF don't have to 
match conditions in the state-transition equations. 
Typically, however, these conditions match. 


You can use the state bits as outputs by making the 
output pins the same as the state bits and performing 
manual state bit assignment.'12 In this case, you can 
omit the output equations. If you do this, don't use the 
following constructs. 


¢ DEFAULT_OUTPUT 
¢ OUTPUT_HOLD 


You can define some outputs with state bits and some 
outputs with output equations. 


If you don't use the state bits as outputs, you must 


specify output equations. Default output specifications 
are optional. 


112 Refer to Section Il, Chapter 4, for additional details regarding assigning state bits. 
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Registered Mealy machine outputs are valid one clock 
cycle after reaching the new state. Combinatorial 
Mealy and Moore machine outputs and registered 
Moore machine outputs are valid on reaching the new 
state. Undefined output pins have a don't-care 
value.113 


113 Refer to the following topics, in this chapter, for additional details: CONDITIONS, 
DEFAULT_BRANCH, DEFAULT OUTPUT, LOCAL DEFAULT, MEALY_MACHINE, 
MOORE_MACHINE, OPERATOR, OUTPUT_HOLD, STATE, STATE ASSIGNMENT EQUATION, 
STATE EQUATIONS, and STATE TRANSITION EQUATION. 


February 1991 CHAPTER 10, LANGUAGE REFERENCE 10-191 


STATE 
TRANSITION 
EQUATION 


For each state, transition equations specify what the 
next state will be under various conditions. 


Devices Supported 


PAL1OH20EV8 PAL16R4 
PAL16RP8 PALCE16V8 
PAL20RS4 PAL20RS8 


PAL20X10 PAL22RX8 
PAL24R8 PAL26V12 
PAL64R32 PALCE610 
MACH 1 MACH 2 


PAL16R6 PAL16R8 PAL16RP4 PAL16RP6 
PAL18U8 PAL20R4 PAL20R6 PAL20R8 
PAL20RS10 PALCE20V8 PAL20X4 PAL20X8 
PAL22V10 PAL23S8 PAL24R10 PAL24R4 
PALCE29M16 PALCE29MA16 PAL32R16 PAL32VX10 
PLS105 PLS167 PLS168 PLS30S16 


SYNTAX 
Syntax 
STATE 
Present state 
Example 
STATE 
;state Equations 
TWO 
Definitions 


Present State 


Include state-transition equations in the state segment 
of state-machine designs. 


= Conditionl -—> Statel 
+ Condition2 —> State2 
+—-> Local default 


= COUNT_UP —> THREE 
+ COUNT_DWN -—> ONE 
+-> TWO 


Parameters following the keyword STATE are defined 
below. Additional details are discussed under Use. 


The present state name is defined in the state diagram. 


e Use any combination of up to 14 upper- or 
lowercase alphanumeric characters, A-Z and 0-9. 
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¢ Do not use keywords, reserved words, or logic 
operators. 


Condition Condition identifies condition names as defined in the 
conditions section of the state-machine design. 


State State identifies the next state, as defined in the state 
diagram. 
Local Default Local default defines the state the machine will go to if 


none of the specified conditions is satisfied. 


USE You can place state transition equations anywhere 
within the state segment except in the CONDITIONS 
section. 


When you create transition equations, use the state- 
equation operator, :=, to separate the present state 
from the transition. Use the transition operator, ->, to 
identify the condition and corresponding transition state. 
Use the OR operator (+) to indicate additional 
transitions. Use the default operator, +->, to identify the 
local default. 114 


In the example, when the state machine is in state 
TWO, it will transition to state THREE if the input 
conditions specified for COUNT_UP are satisfied. It will 
transition to state ONE if the conditions for 
COUNT_DWN are satisfied. !f neither of these 
conditions is satisfied, it will remain in state TWO. 


114 Refer to the following topics, in this chapter, for additional details: CONDITIONS, 
DEFAULT_BRANCH, DEFAULT_OUTPUT, LOCAL DEFAULT, STATE, STATE ASSIGNMENT 
EQUATION, and STATE EQUATIONS. 
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STRING This keyword allows you to assign a name to frequently 
used character strings such as equations and 
expressions. You can then use the string name 
anywhere in the remainder of your design file. The 
software substitutes the character string for the name 
during processing. 


Devices Supported: All PLD devices. 


SYNTAX You use this keyword in the declaration segment of 
Boolean and state-machine designs. 
Syntax 
STRING String Name ‘String’ 
Example 
STRING IN1 "Al + /A2 + A3" 
STRING IN2 "(AL + /A2 + /A3)' 
EQUATIONS 
BANK1 = IN1 
05 = /IN1 
06 = /IN2 
Definitions Parameters following the keyword STRING are defined 
below. 
String Name This is the name assigned to a cluster of equations, 


expressions or other parameters. The name can then 
be used in the equations or state segments of a design 
to refer to the entire cluster, without having to list all the 
characters separately. Follow the rules below. 


e Assign a unique name of up to 14 alphanumeric 
characters. 


¢« Do not use keywords, operators, or reserved words. 
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e Place the name after the keyword STRING and 
before the PIN or NODE statements. 


String String identifies the cluster of characters defined by the 
string name. Single quotes are delimiters and identify 
the characters to be substituted. The software 
substitutes these characters literally. However, 
functional strings, must conform to the rules of the 
function, such as in an expression. The software does 
not limit the number of characters you can substitute. 


USE Place at least one blank between the keyword STRING, 
the string name, and the cluster of characters com- 
prising the string. Extra blanks or tabs are reduced to 
one blank. 


In the syntax example, the software processes the 
string substitution as follows: 


BANK1 = Al + /A2 + A3 
05 = /(Al + /A2 +A3) 
06 = /(Al + /A2 +/A3) 


To DeMorganize an expression when you complement 
a string name. Use parentheses to enclose the 
expression. This is only true for expressions. For 
example, you cannot complement an .OUTF statement. 


The following table illustrates the effect of comple- 
menting string names. 


STRING EXPRESSION 
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STRING 


Complementing string IN1 causes only the first pin in 
the string to invert polarity. In contrast, complementing 
string IN2 DeMorganizes the entire string. 


The keywords GROUP and STRING have distinctly 
different uses. Use GROUP only for clustering pins. 
Use STRING to substitute any string of characters. 115 


115 Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, DECLARATION SEGMENT, and GROUP. 
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TEST This keyword verifies that values at the Q outputs of 
registers are equal to expected values, and creates "T” 
test vectors per the JEDEC 3B standard. 


The Test command changes the simulation results to 
match the specified signal values, and generates 
corresponding test vectors in the JEDEC file.116 


Devices Supported: MACH-device designs only. 


If you use the TEST command with non-MACH PLDs, it 
is converted to a CHECKQ command automatically. 


SYNTAX You use the TEST command in either the simulation 
segment of a PDS file or in an auxiliary simulation file 
for Boolean, state-machine, or schematic-based 


designs. 
Syntax 
TEST Prefix_rns 
Example 
SIMULATION 
TEST /Q1 02 
Definitions Because the TEST command verifies signal values at 


the Q output of registers, you do not need to account 
for active-low pin declarations. This makes TEST 
especially useful for verifying states. 


Parameters following the command TEST are defined 
below. Additional details are provided under Use. 


116 Refer to the JEDEC JESD3-B Standard for additional details regarding test-vector generation. 
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Prefix The prefix indicates the logic state of the corresponding 
register, node, or state. Do not leave a blank between 
Prefix andrns. There are two prefixes: null and 
forward slash. 


¢ The null prefix indicates the register or node should 
be a logical 1. In the syntax example, QO has a 
null prefix. 


When used in conjunction with a state name, a null 
prefix indicates the specified state should be 
checked. In the syntax example, PLAYING has a 
null prefix. 


e The forward slash indicates that the signal should 
be a logical 0. Inthe syntax example, Qi has a 
forward-slash prefix. 


Note: If the simulated value does not match the 
expected value, the TEST command forces the 


expected value. The expected value appears in the 
test vectors, and a clash is indicated in the simulation 
results. 


Rns Rns defines the names of the output registers, nodes, 
or states to be verified. Each value represents both the 
signal name or state and the expected output value. 


e Each signal name can be up to 14 characters in 
length. 


¢ Include up to 76 characters per line and use as 
many lines as you need. 


The screen displays up to 76 characters per line; 


however, all information is processed properly even 
if it extends beyond the 76th character. 
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« Include a blank between the keyword and the first 
register, node, or state in the list. 


You can also include multiple register and node 
names. You can also use strings or vector notation 
to define the signal list. 


¢ Separate multiple prefixed register and node names 
with a blank. 


A conflict occurs when the value of the output register 
does not match the value defined in the TEST 
command. Each conflict is identified with a question 
mark in the simulation output files; a warning is issued 
and the expected value is reported in the execution log 
file. 
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.f EQUATION This equation defines when to set the T input on T-type 
flip-flops high. 


Devices Supported: PALCE610. 


SYNTAX _Use the .T EQUATION in the equations segment of 
Boolean or state-machine designs. 

Syntax 

Pn.T Assignment operator Expression 

Example 

EQUATIONS 
a1 T = IN] * /IN2 

Definitions All parameters are defined below. 

Pn.T Pn.T is the pin or node associated with the T flip-flop. 
The name must be defined in an earlier PIN or NODE 
statement in the declaration segment. 

Assignment Operator The assignment operator is a symbol that defines a 
specific operation as interpreted by the software when 
processing design files.117 

Expression Expression identifies the logic defining when the input 


on .T-type flip-flops is set high. In the syntax example, 
when IN1 is true and IN2 is false, the flip-flop 
associated with the pin or node Q1 is set high. 


117 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 
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You can place the .T EQUATION anywhere in the 
USE equations segment. Observe the following rules. 


e You cannot have multiple equations for the same 
pin. If you do, the software reports an error during 
compilation and processing stops. 


e You cannot use negative polarity on the left side of 
the equation. For example, /Q1.T is not allowed. 


¢« You can use the GROUP, STRING, and VECTOR 
notation to define signals. This is an excellent way 
to assign a .T EQUATION to several pins.118 


118 Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, and .S EQUATION. 
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.F1 EQUATION This equation defines when to set the T1 input on dual 
toggle, 2-T, flip-flops high. 


Devices Supported: PAL22IP6. | 


SYNTAX You use the .T1 equation in the equations segment of 
Boolean or state-machine designs. 


Syntax 
Pn.Tl Assignment Operator Expression 
Example 
EQUATIONS 
01.71 = IN] * /IN2 
Definitions All parameters are defined below. 
Pn.T1 Pn.T1 is the pin or node associated with the dual toggle 
flip-flop. The name must be defined in an earlier PIN or 
NODE statement in the declaration segment. 
Assignment Operator The assignment operator is a symbol that defines a 
specific operation as interpreted by the software when 
processing design files. 119 
Expression Expression identifies the logic you define to determine 


when to set the T1 input on dual toggle flip-flops high. 
In the example, when IN1 is true and IN2 is false, the 
T1 input in the dual toggle flip-flop associated with the 
pin or node Q1 is set high. 


119 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 


10-204 PALASM 4 USER'S MANUAL, SECTION IV, SOFTWARE REFERENCE February 1991 


11 EQUATION 


USE You can place the .T1 EQUATION anywhere in the 
equations segment. Observe the following rules. 


e You cannot have multiple equations for the same 
pin or node. If you do, the software reports an error 
during compilation and the process stops. 


e You cannot use negative polarity on the left side of 
the equation. For example, /Q1.T1 is not allowed. 


¢« You canuse GROUP, STRING, and VECTOR 
notation to define signals. This is an excellent way 
to assign a .T1 equation to several pins.!2° 


120 Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, GROUP, STRING, and VECTOR. 
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.F2 EQUATION This equation defines when to set the T2 input on dual 
toggle, 2-T, flip-flops high. 


Devices Supported: PAL22IP6. 


SYNTAX You use the .T2 EQUATION in the equations segment 
of Boolean or state-machine designs. 
Syntax 
Pn.T2 Assignment Operator Expression 
Example 
EQUATIONS 
Q1.72 = INL * /IN2 
Definitions All parameters are defined below. 
Pn.T2 Pn.T2 is the pin or node associated with the dual toggle 
flip-flop. The name must be defined in an earlier PIN or 
NODE statement in the declaration segment. 
Assignment Operator The assignment operator is a symbol that defines a 
specific operation as interpreted by the software when 
processing design files. 121 
Expression Expression identifies the logic you define to determine 


when to set the T2 input on dual toggle flip-flops high. 
In the syntax example, when IN1 is true and IN2 is 
false, the T2 input in the dual toggle flip-flop associated 
with the pin or node Q1 is set high. 


121 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 
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.T2 EQUATION 


USE You can place the .T2 EQUATION anywhere in the 
equations segment. Observe the following rules. 


e You cannot have multiple equations for the same 
pin or node. If you do, the software reports an error 
during compilation and the process stops. 


e You cannot use negative polarity on the left side of 
the equation. For example, /Q1.T2 is not allowed. 


¢ You canuse GROUP, STRING, and VECTOR 


notation to define signals. This is an excellent way 
to assign a .T2 equation to several pins. '22 


122 — Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, GROUP, STRING, and VECTOR. 
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TITLE This keyword begins the statement that defines the title 
of the design. Including the design title is useful for 
documentation purposes. 


Devices Supported: All PLD devices. 


SYNTAX You use this keyword in the declaration segment of 
Boolean and state-machine designs. 

Syntax 

TITLE Design Title 

Example 

TITLE Traffic Controller 
PATTERN 

REVISION 

AUTHOR 

COMPANY 

DATE 

CHIP 

Definitions Only the descriptor following the keyword TITLE is 
discussed. 

Design Title Design title is an optional name that includes any 
combination of up to 59 alphanumeric characters 
indicating the company's name. 
¢ You can use other symbols or punctuation; 

however you cannot use the dollar sign. 
¢« You can use reserved words in this statement. 
USE There are two ways to enter the design title. 


e Use the declaration segment form, select the TITLE 
field, and type the name. 


¢ Type the design title first, followed by the pattern in 
the PDS file using a text editor. 
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TITLE 


The following error conditions pertain to the TITLE 
statement. 


e Without a design TITLE statement, a warning is 
issued and processing continues. 


¢ With multiple design TITLE statements, an error is 
reported and processing stops. 129 


123 Refer to the following topics, in this chapter, for additional details: AUTHOR, COMPANY, DATE, 
DECLARATION SEGMENT, PATTERN, and REVISION. 
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TRACE OFF TRACE_OFF defines the end of the simulation section 
being traced by TRACE_ON. 


Devices Supported: All PLD devices. 


SYNTAX Use the reserved word in the simulation segment or 
auxiliary simulation file of Boolean and state-machine 
designs. 


Syntax 


TRACE_OFF 
Example 


SIMULATION 
TRACE_ON 
TRACE_OFF 


Definitions No parameters are required with this keyword. 


TRACE_OFF This reserved word indicates when to conclude the 
simulation section being traced by TRACE_ON. 


USE If you do not conclude a trace section with 
TRACE_OFF, the software terminates the trace at the 
end of the file and displays a warning. If you have 
multiple traces but do not conclude one, the software 
does so by assuming a TRACE_OFF before the next 
TRACE_ON statement. 124 


124 Refer to SIMULATION and TRACE_ON, in this chapter, for additional details. 
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TRACE ON TRACE_ON defines which signal values to record in 
the trace file during simulation. Tracing allows you to 
reorder and group signals however you wish. Tracing 
also resolves reverse polarity problems because you 
can define polarity in the TRACE statement. 


Devices Supported: All PLD devices. 


SYNTAX Use the keyword in an auxiliary simulation file or the 
simulation segment of Boolean and state-machine 
designs. 

Syntax 

TRACE_ON Pn 

Example 

SIMULATION 


TRACE_ON 01 02 /IN2 /IN3 


Definitions Only the parameter following the keyword TRACE_ON 
is defined below. 


Pin, Node Pin, node is a list of pin or node names, as defined in 
the PIN and NODE statements of the declaration 
segment. 

USE Observe the following usage conventions when using 
TRACE_ON. 


¢ You can repeat TRACE_ON statements. 


¢ You cannot nest TRACE_ON statements. If the 
software finds anew TRACE_ON statement, it 
abandons the previous statement and continues 
with the new statement. 


¢ You can list multiple pins or nodes with TRACE_ON. 
Separate pins and nodes with only a blank. 
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TRACE ON 


e You Can reverse pin or node polarity by placing or 
removing a forward slash before the pin or node 
name. You cannot use polarity with states. 


¢« You can use strings and groups with TRACE_ON. 


¢ Conclude a trace section with a TRACE_OFF 
command. If you do not conclude a trace with 
TRACE_OFF, the software terminates the trace at 
the end of the file and displays a warning. 


During simulation, the software generates a simulation 
history file. You view this file as either an ASCII table 
or as a history waveform. 


Tracing causes the software to create the trace file, 
which contains the simulation results of the pins and 
nodes selected by TRACE_ON. The signals are listed 
in the same order and with the same polarity as listed in 
the TRACE_ON statement. If TRACE_ON is not used, 
then no trace file is created. 


The software converts state names to state bits and 
appends them to the TRACE_ON statement for 
simulation.125 


125 Refer to SIMULATION and TRACE_ON, in this chapter, for additional details. 
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-FRST This reserved word defines when to enable three-state 
outputs on devices with programmable enable. 


Devices Supported 


PAL10H20EG8 PAL1OH20EV8 PAL16L8 PAL16P8 PAL16R4 PAL16R6 
PAL16R8 PAL16RA8 PAL16RP4 PAL16RP6 PALCE16V8 PAL18P8 
PALC 18U8 PAL20L10 PAL20L8 PAL20R4 PAL20R6 PAL20RA10 


PAL20RS4 PAL20RS8 PAL20S10 PAL20X4 PAL20X8 PALCE20V8 
PAL22IP6 PAL22RX8 PAL22V10 PAL23S8 PALCE29M16 PALCE29MA16 
PAL32VX10 PALCE610 PLS105 PLS167 PLS168 PLS30S16 
MACH 1 MACH 2 


SYNTAX You use this reserved word in a functional equation in 
the equations segment of Boolean and state designs. 


Syntax 
Pn. TRST Assignment Operator Expression 


Example 


EQUATIONS 
Q0 = /Q0 
Q1.TRST = Il * /I2 

Definitions All parameters are defined below. 

Pn. TRST Pn.TRST is associated with the three-state buffer. The 
name must be defined in an earlier PIN or NODE 
statement in the declaration segment. 

Assignment Operator The assignment operator is a symbol that defines a 


specific operation, as interpreted by the software when 
processing design files. 126 


126 Refer to ASSIGNMENT OPERATOR, in this chapter, for additional details. 
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Expression 


USE 


.TRST 


Expression defines the logic conditions that determine 
when to enable three-state outputs on devices with 
programmable enable. 


Multiple .TRST statements for the same pin or node are 
automatically ORed together into one statement. This 
can result in an error during either assembly or fitting. 


You can use more than one product term for a three- 
State buffer depending on the device. Some devices 
using product terms also have a pin for controlling the 
buffer which overrides the logic. 


You cannot complement the pin name. For example, if 
a signal is defined as Q1 in the PIN statement, 
/Q1.TRST is not permitted. You can complement the 
Boolean expression, if supported by the device, as 
follows: 


Q1.TRST = I1 * I2 * 13 for active high 
Q1.TRST = /(/I1 * I2 * I3) for active low 


.TRST provides several logical means of enabling the 
outputs on some devices, such as the PALCE29M16. 
Examples follow. 127 

¢ Adedicated output: 


Q[1..4]. TRST = VCC 


¢ A dedicated input: 
O[5..8]. TRST = GND 


127 Refer to Chapter 11, in this section, for additional details regarding devices that support 


programmable enable. 
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.TRST 


A product-term enable, XOR: 

O[9..12].TRST =I] *12:*: 3B 

OE pin enable, where there is a choice between a 
product term and a dedicated output enable pin: 
O[1..4].TRST = IOE 

Unconditional high, where an output equation exists 
for a pin and no .TRST equation exists: 

Q.TRST = VCC 

Unconditional low, where no output equations or 
.TRST equation is defined: 

Q.TRST = GND 


Many PAL devices have dedicated enable pins to 
control some or all three-state outputs. For these 
outputs, no .TRST equation is needed.!28 


128 Refer to the following topics, in this chapter, for additional details: BOOLEAN EQUATION, 
EXPRESSION, FUNCTIONAL EQUATIONS, GROUP, STRING, and VECTOR. 
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Vcc You can include this reserved word in an equation to 
hold a pin, node, or functional equation unconditionally 
high. 


Devices Supported: All PLD devices. 


SYNTAX You use the reserved word, VCC, in the equations 
segment of Boolean and state-machine designs. 


Syntax 


Pn or 


Functional Equation Assignment Operator VCC 


Example 


EQUATIONS 
OUTS = VCC 
OE1.TRST = VCC 
Definitions The element preceding the reserved word is described 
below. 
Pn or Functional Pn or functional equation defines the element to be held 
Equation high. 


¢ The pin or node name defined in the PIN or NODE 
statement of the declaration segment 


« The pin or node function defined in an earlier 
functional equation. 129 


129 Refer to the following topics, in this chapter, for additional details: FUNCTIONAL EQUATIONS, 
NODE, and PIN. 
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vcc 


USE VCC is normally used for functional equations. You can 
use 1 instead of VCC anywhere you want an 
unconditional high value. !3° 


Important: You must define the VCC pin ina PIN 
statement. 


130 Refer to GND, in this chapter, for additional details. 
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VECTOR VECTOR notation allows you to assign a set of 
descriptions to a set of pins or nodes. It also allows you 
to compare the value of a set of pins or nodes to a radix 
in a CASE statement. 


Devices Supported: All PLD devices. 


SYNTAX Use vector notation in Boolean and state-machine 
designs. 
Syntax 
PIN x1l..xn NUM[yl..yn] 
Example 
DECLARATION 


PIN 1 INA COMB 


PIN Sea OUT(4..1] 


PIN 6, 10..8 DATA[4. .1] 
PIN 18..11 ADD[7. .0] 
EQUATIONS 
CASE (ADD[7..0]) 
BEGIN 
#hOF: 
BEGIN 
END 
END 
Definitions Parameters following the keyword PIN are defined 
below. Additional details are discussed under Use. 
x1..xn This notation specifies the user-defined pin number 


range. You must have the same number of pin 
numbers as pin names. 
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VECTOR 


yt..yn This notation specifies the user-defined pin name 
range. You must have the same number of pin names 
as pin numbers. 


VECTOR is essentially a dual range syntax: “for this 
range of pins use this range of names."131 


USE To use VECTOR notation, you must do the following. 
¢ Declare all pins in the vector in one PIN statement. 


e Use subscripted pin or node names with the format 
NAME[1] rather than NAME 1. 


You can include input and output pins in the same 
vector if your application calls for it, but you cannot 
include pins and nodes in the same vector. 


In the syntax example, the software converts the pin 
definitions as follows. 


PIN 2 OUTT{1] 
PIN 3. OUT2] 


PIN 18 ADD{(7] 
In the CASE statement, the software tests the value on 
pins ADD[7] through ADD[0]. If they match the hex 


value OF, the instructions between the BEGIN and END 
statements are executed. 


131 Refer to OPERATOR, in this chapter, for additional details. 
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WHILE-DO This is a simulation construct that looks at a logical 
condition and performs a specified task as long as the 
condition is true. 


Devices Supported: All PLD devices. 


SYNTAX Use the WHILE-DO construct in an auxiliary simulation 
file or the simulation segment of Boolean and state- 
machine designs. 


Syntax 
WHILE (Condition) DO 
BEGIN 
Task 
END 
Example 
SIMULATION 
WHILE (/BIT2 * /BIT3) DO 
BEGIN 
CLOCKF CLOCK 
END 
Definitions The following structures are part of the WHILE-DO 
construct. 
Condition Condition is any Boolean expression. You can use 


more than one condition if you separate them by 
commas; the software ANDs multiple conditions 
together. If the WHILE-DO construct is nested ina 
FOR-TO-DO construct, the condition can also be the 
index variable of the FOR-TO-DO construct. You 
cannot use an index variable outside its defining 
FOR-TO-DO construct. 


Use parentheses to enclose the WHILE condition. 
However, you cannot nest parentheses. 
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Task 


USE 


WHILE-DO 


The simulation task the software performs during the 

WHILE-DO loop. Use BEGIN and END statements to 
enclose the task; indent the statements to make your 
program easier to follow. 


You can nest WHILE-DO constructs within CASE, 
FOR-TO-DO, IF-THEN-ELSE, and other WHILE-DO 
constructs. There is no limit to the number of 
constructs you can include in your design. However, 
using a minimal number of nests may make your 
program easier to follow and faster to compile. 


The condition can be any Boolean expression of logic 


signals or mathematical equality: =, >, <, >=, <=, and 
<> 132 


132 — Refer to the following topics, in this chapter, for additional details: FOR-TO-DO, IF-THEN-ELSE, 


and SIMULATION. 
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MACH 110 Device 
MACH 120 Device 
MACH 130 Device 
MACH 210 Device 
MACH 220 Device 
MACH 230 Device 
MACH 215 Device 
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DEVICE PROGRAMMING 
REFERENCE 


July 1991 


This chapter provides datasheets on the PALASM 
language syntax, examples of language use, and 
information related to programming PLD and MACH 
devices. 


¢ The PLD introduction, 11.1, discusses the purpose 
of, and guidelines for using, this device program- 
ming reference. 


¢ The PLD cross-reference table, 11.2, tabulates 
programming features for each device and 
indicates where you can find a language syntax 
example for each feature. 


¢ The general PLD language syntax, 11.3, explains 
general device features and shows the language 
syntax needed to use them. 


¢« The PLD device syntax datasheets, 11.4, provide 
information relating to the PALASM language for 
devices with special features. 


Important: Standard devices do not have a PLD 
device syntax datasheet. 

¢ The MACH 1 and MACH 2 series, 11.5., furnishes 
device, language, and programming information. 
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11.1 PLD 
INTRODUCTION 


11.1.1 PLD NAMING 
CONVENTIONS 


1 
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This chapter is organized so you can quickly and easily 
familiarize yourself with PALASM language constructs 
and the syntax required for designing with different 
programmable devices. 


- Review the feature cross-reference table for 
programming features that apply to the device you 
want to design with. 


¢ Read the general syntax for programming features 
marked with an X in the cross-reference table. 


¢« Read the corresponding device syntax for features 
marked with an asterisk, “, in the cross-reference 


table. 


¢« For features marked with an ampersand, @, inthe 
device feature cross-reference table, read the 
general syntax datasheets for the language syntax 
and the corresponding device syntax datasheet for 
node locations and descriptions. | 


The naming of devices follows the convention used 

in the PAL Device Data Book. For clarity, only the 
number of a device is addressed. For example, 22V10 
includes the devices PAL22V10, AmMPAL22V10, and 
PALCE22V 10; 16R8 includes the family of devices 
PAL16L8, PAL16R8, PAL16R6, and PAL16R4. The 
actual devices are listed under the alphanumeric device 
reference index. For each device syntax datasheet, the 
actual devices are listed under the device number 
heading. 


Refer to Chapter 10, in this section, for an in-depth discussion of particular language elements. 
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11.1.2 STANDARD 
PLD DEVICES 
VERSUS NON- 
STANDARD PLD 


DEVICES 


2 Standard programmable devices include 16R8 family, 16V8, 18P8, 20R8 family, 20V8, 


105 
167/168 
16RA8 
16V8HD 
20EG8 
20EV8 
20RA8 
221P6 
22V10 
23S8 
26V12 
29M 16 
29MA16 
30816 
32VX10 
610 


For ease of reference, devices whose features are 


covered by the general syntax data sheet are grouped 


as standard programmable devices.2 Devices that 
require specific language syntax are grouped as non- 
standard programmable devices.3 


PLS105 / PLSCE105 

PLS167 / PLSCE167 
PAL16RA8 

PAL16V8HD 

PAL10H20EG8 / PAL10020EG8 
PAL10H20EV8 / PAL10020EV8 
PAL20RA8 

PAL20IP6 

PAL22V10 / AmPAL22V10 / PALCE22V10 
AmPAL23S8 

PALCE26V12 

PALCE29M16 

PALCE29MA16 

PLS30S16 

PAL32VX10 

PALCE610 


20X10/20L10 family, 22P10, 24R10 family, and 24V10. 


3 Non-standard programmable devices include 105, 167/168, 16RA8, 16V8HD, 20EG8, 20EV8, 
20RA8, 22IP6, 22V10, 2388, 26V12, 29M16, 29MA16, 30S16, 32VX10, and 610. 
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It also identifies whether a 


particular device requires special language constructs 


ice. 
and where to look for that information. 


The following table cross references the features for 


each programmable dev 
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Each discussion below explains a feature commonly 
found in most programmable devices.4 


¢ 11.3.1, Output-Enable Control 

© 11.3.2, Clock Control 

¢ 11.3.3, Preset Control 

¢ 11.3.4, Reset Control 

¢ 11.3.5, Device Polarity 

¢ 11.3.6, Combinatorial Logic 

¢ 11.3.7, Registered or Latched Logic 
¢ 11.3.8, Feedback 

e 11.3.9, Preload Control 

¢  11.3.10, Observability Product Term Control 
¢ 11.3.11, Complement Array 

¢ 11.3.12, Electronic Signature 


Each discussion consists of the following information. 


¢ Description of the feature 
« Pertinent, standard PALASM language syntax 
¢ Example(s) of the language as it is used 


All language elements required to design with standard 
programmable-device features and those elements 
needed for certain general features of non-standard 
programmable devices are included. Use this 
information in conjunction with the device programming 
syntax datasheet when designing with non-standard 
programmable devices. 


Note: In each syntax example, italicized information 
is provided as an explanation and is not part of the 
actual syntax. 


Refer to the Device Programming Feature Cross-Reference Table for more information about 


individual device features. 
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11.3.1 OUTPUT- 
ENABLE CONTROL 


11.3.1.1 Common 
External Output-Enable 
Pin 


11.3.1.2 Individual 
Product Term Control 


Syntax 


Pin Statement(s) 


Three major types of output-enable control are 
identified below and discussed next. 


¢ Common external output 
e Individual product term control 
¢ Common external or individual product term control 


A common external output-enable pin controls all three- 
state buffers within the device. Since the three-state 
buffers are externally controlled by an input pin, no 
language syntax is required. 


Devices Supported: Devices with common external 


output-enable control include the 16R8, 20R8, 20X10/ 
20L10, and 24R10. 


Each three-state buffer is controlled individually by a 
product term. To use these product terms, define each 
product term control individually in the language syntax 
and example, as shown next. 


Devices Supported: Devices with individual product 
term output-enable control include the 20EG8, 20EV8, 
221P6, 26V12, and 32VX10. 


Note: For the 20EG8 and 20EV8, even though the 
output buffer is two-state instead of three-state, the 

syntax you use to define the product term control is the 
same as shown next. 


PIN Qutput_pin_location Output_pin_name Storage_type 


Equation(s) Output_pin_name.TRST = Boolean expression using one product term 
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Example 


CHIP EXAMPLE PALCE16V8 


PIN 2 Il COMB ;input 


PIN 3 «12 COMB ;input 

PIN 12 01 COMB ;Output 

O1.TRST = I1 * I2 ;output enable controlled by product term (Il * I[2) 
11.3.1.3 Common Each three-state buffer can be controlled using either of 
External Pin or the following methods. 

individual Product 

Term Control « Anexternal, common output-enable pin 


e An individual product term 
In addition, these three-state buffers can be either 


¢ permanently enabled or 
* permanently disabled. 


Use the syntax shown in the following examples to 
define the three-state buffer control. 


Devices Supported: Devices that have output enable 
with common external or individual product term are the 
16V8, 16V8HD, 20V8, 24V10, and 29MA16. 


Note: The output enable defaults are as follows. 


¢ Ifthe pin is defined as an output, 


pin. TRST = VCC 


¢ Ifthe pin is not defined as an output, 
pin. TRST = GND 
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Syntax 


Pin Statement(s) 


PIN OQutput_pin_location Output_pin_name Storage_type 
PIN Output_enable_pin_location Output_enable_pin_name Storage_type 


Pin Statement(s) 
Output_pin_name.TRST 
external common output-enable pin 
= Qutput_enable_pin_name 


or individual product term 
= Boolean expression using one product term 
or permanently enabled 
= VCC ;default for pins defined as outputs 
or permanently disabled 
= GND ;default for pins not defined as outputs 
Example 1 External common-enable pin control 


CHIP EXAMPLE PALCE16V8 


PIN 11 IOE COMB ;input 


PIN 12 01 COMB ;output 
O1.TRST = IOE ;output controlled by input pin IOE 
Example 2 Individual product term output-enable control 


CHIP EXAMPLE PALCE16V8 


PIN 2 Il COMB ;input 


PIN 3 12 COMB ;input 
PIN 12 Ol COMB ;output 
O1.TRST = Il * [2 ;output enable controlled by product term (11 * [2) 
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Example 3 Output enable permanently enabled 


CHIP EXAMPLE PALCE16V8 


PIN 12 Ol COMB ;output 


01.TRST = VCC ;output permanently enabled 
Example 4 Output enable permanently disabled 


CHIP EXAMPLE PALCE16V8 


PIN 12 01 COMB ;output 


O1.TRST = GND ;Output permanently disabled 
11.3.2 CLOCK In general, there are two types of clock control for 
CONTROL registered and latched programmable devices. 


¢ Common external clock control 
¢ Individual product term clock control 


The two clock control types are discussed below. 


11.3.2.1 Common A dedicated clock pin is used to clock all registers in the 
External Clock device. Since the clock configuration is fixed for these 
Control devices, no special language syntax is required. 


Devices Supported: Devices that have a common 
external clock pin include the 105, 167/168, 16R8, 
16V8, 18P8, 20EG8, 20EV8, 20R8, 20V8, 20X10, 

22P10, 22V10, 23S8, 24R10, 24V10, and 32VX10. 
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11.3.2.2 Individual The clock input for each register is individually 


Product Term Clock controlled by a product term. You must use the syntax 
Control below to program each product term for the clock 
control. 


Devices Supported: Devices that have clock control 
through an individual product term are the 16RA8 and 
20RA10. 


Syntax 


Pin Statement(s) 
PIN Output_pin_location Output_pin_name Storage_type 


Equation(s) Output_pin_name.CLKF = Boolean expression using one product term 


Example Individual product term clock control 


CHIP EXAMPLE 16RA8 


PIN 2 Ti COMB input 


PIN 3 I2 COMB ;input 
PIN 12 01 REG ;registered output 
O1.CLKF = I] * /T2 ;clock input to the register of output 01 is controlled 


; by the product term (I1* /I2) 


11.3.3 PRESET There are two types of preset control. 
CONTROL 
e — Individual product term control 


¢ Global product term control > 


9 Refer to discussion 11.4 for node locations and information. 
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11.3.3.1 Individual Each preset input is individually controlled by a 

Product Term Control programmable product term. To program the preset 
product terms, you use the language syntax to define 
each preset input, as shown next. 


Devices Supported: Devices that have preset/reset 


control with an individual product term are the 16RA8, 
20RA10, and 29MA16. 


Syntax 


Pin Statement(s) 
PIN Output_pin_location Output_pin_name Storage_type 


Equation(s) Qutput_pin_name.SETF = Boolean expression using one product term 


Example Preset with individual product term control 


CHIP EXAMPLE PAL16RA8 


PIN 2 11 COMB ;input 


PIN 3 I2 COMB ; input 
PIN 12 01 REG sregistered output 
O1.SETF = Il * /I2 ;preset input to the register of output 01 is controlled 


: by the product term (I1 * /I2) 


11.3.3.2 Global The preset inputs of all registers within the device are 

Product Term Control controlled by a common global preset product term. To 
program this global product term, you must declare the 
global node in the pin statement segment, as shown 
next. 


Devices Supported: Devices that have preset with 
global product term control are the 20EG8, 20EV8, 
22V10, 2388, 26V12, 29M16, and 32VX10. 
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Syntax 


Pin Statement(s) 


NODE Global_node_location Global_node_name 
Equation(s) Global_node_name.SETF = Boolean expression using one product term 
Example Preset with global product term contro! 
CHIP EXAMPLE 
PIN 2 Tl COMB sinput 
PIN 3 12 COMB sinput 
NODE 1 GLOBAL sinternal global node 
GLOBAL.SETF = I1 * /I2 ;preset inputs to all registers are globally controlled 


; by the product term (I1 * /I2) 


11.3.4 RESET There are two types of reset control. 
CONTROL 


¢ Individual product term control 
- Global product term control® 


11.3.4.1 Individual Each reset input is individually controlled by a 

Product Term Control programmable product term. To program the preset 
product terms, you use the language syntax to define 
each preset input, as shown next. 


Devices Supported: Devices that have reset control 
with an individual product term are the 16RA8, 20RA10, 
29MA16, and 610. 


6 Refer to discussion 11.4 for node locations and information. 
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Syntax 


Pin Statement(s) 


PIN OQutput_pin_location Output_pin_name Storage_type 
Equation(s) Output_pin_name.RSTF = Boolean expression using one product term 
Example Reset with individual product term control 


CHIP EXAMPLE PAL16RA8 


PIN 2 Il COMB ;input 


PIN 3 I2 COMB ;input 
PIN 12 01 REG ;registered output 
O1.RSTF = I2 sreset input to the register of output 01 is controlled 


; by the product term (12) 


11.3.4.2 Global The reset inputs of all registers within the device are 

Product Term Control controlled by a common global reset product term. To 
program this global product term, you must declare the 
global node in the pin statement segment, as shown 
below. 


Devices Supported: Devices that have preset/reset 
with global product term control are the 22V10, 2388, 
26V12, 29M16, and 32VX10. 


Syntax 


Pin Statement(s) 
NODE Global_node_location Global_node_name 


Equation(s) Giobal_node_name.RSTF = Boolean expression using one product term 
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Example Reset with global product term control 


CHIP EXAMPLE 


PIN 2 Il COMB ;input 


PIN 3 12 COMB sinput 
NODE 1 GLOBAL ;internal global node 
GLOBAL.RSTF = I2 sreset inputs to all registers are globally controlled 


; by the product term (12) 


11.3.5 DEVICE There are three types of device polarity. 
POLARITY 


¢ Active low 
¢ Active high 
¢ Programmable 


You must be careful about both the pin and equation 
output polarities when you write equations for each type 


of device. 
11.3.5.1 Active-Low Active-low devices are those programmable devices 
Polarity whose outputs pass through the output pins inverted. 


For these devices, the output of the equations always 
has the opposite polarity of the output pin. Examples 
below show how you can write the same equation for 
active-low or active-high outputs using active-low 
devices. 


Devices Supported: Active-low devices are the 16R8, 
20R8, 20X10/20L10, and 24R10. 
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Syntax 


Pin Statement(s) 


PIN Qutput_pin_location Output_pin_name Storage_type 
Equation(s) Output_pin_name- = Boolean expression 


* Output_pin_name in output equation must have the opposite polarity of the 


pin statement. 


Example 1 Active-low output using active-low devices 


CHIP EXAMPLE PAL16R8 


PIN 


2 Il COMB sinput 
PIN 3 I2 COMB ;input 
PIN 4 13 COMB s;input 
PIN 12 /01 REG ;active-low output pin 
Ol. = ]1.* 12 +: 13 ;equation with the opposite polarity of the pin 
; statement 
Example 2 Active-high output using active-low devices 


CHIP EXAMPLE PAL16R8 


PIN 


2 Il COMB ;input 
PIN 3 12 COMB ;input 
PIN 4 13 COMB ;input 
PIN 12 01 REG sactive-high output pin 
/01 = /I1 * /13 ;same equation with active-low output using DeMorgan’s 
tif 12 * ff T3 : theorem /01 = /((11*I2) + 13) 
11.3.5.2 Active-High Active-high devices are those programmable devices 
Polarity whose outputs pass through the output pins without 


inversion. For these devices the pin output and the 
equation output are always the same polarity. 
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Devices Supported: Active-high devices are the 105, 
167/168, and 30S16. 


Syntax 
Pin Statement(s) 

PIN Output_pin_location Output_pin_name Storage_type 
Equation(s) Output_pin_name- = Boolean expression 


* Output_pin_name in output equation must have the opposite polarity of the 


pin statement. 


Example 1 Active-high output using active-high devices 


CHIP EXAMPLE PLS105 


PIN 


2 Il COMB ;input 
PIN 3 12 COMB ;input 
PIN 4 iO COMB ;input 
PIN 12 01 COMB ;active-high output pin 
O01 = 11 * I2 + 13 ;equation with the same polarity as the pin statement 
Example 2 Active-low output using active-high devices 


CHIP EXAMPLE PLS105 


PIN 2 I1 COMB ;input 


PIN 3 12 COMB ;input 

PIN 4 13 COMB ;input 

PIN 12 /0O1 COMB s;active-low output pin 

/O1 = /T1 * /13 ;same equation with active-low output using DeMorgan’s 
tf 12% FITS ; theorem /01 = /((11*I2) + 13) 
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11.3.5.3 Pro- You can individually program the polarity of each 
grammable Polarity output. 


¢ If you want an active-high output pin, use the same 
output polarity for both the pin statement and the 
equation. 


¢ If you want an active-low output pin, use the 
opposite polarity for the pin statement and the 
equation. 


Devices Supported: Devices with programmable 
polarity are the 16RA8, 16V8, 16V8HD, 18P8, 20EG8, 
20EV8, 20RA10, 20V8, 22IP6, 22P10, 22V10, 2388, 

24V10, 26V12, 29M16, 29MA16, 32VX10, and 610. 


For consistency, all examples use an active-high 
polarity in each pin statement for each output pin. In 
this case, the output equation controls the polarity of 


the pin.” 
Syntax 
Pin Statement(s) 
PIN Qutput_pin_location Output_pin_name* Storage_type 
Equation(s) Output_pin_name™ = Boolean expression 


* Output_pin_name can be active high or active low. 


7 Refer to Section Il, Chapter 4, for details on polarity. 
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Example 1 


Active-high output from a device with programmable 


polarity 
CHIP EXAMPLE PAL16R8 
PIN 2 Il COMB sinput 
PIN 3 12 COMB ;input 
PIN 4 I3 COMB ;input 
PIN 12 O01 COMB ;active-high output pin 
Ol = .J1 * J2.4: J3 ;equation with same the polarity as the output pin 
Example 2 Active-low output from a device with programmable 


CHIP EXAMPLE PAL16R8 


PIN 
PIN 
PIN 
PIN 


/01 = 11 * [2 + 13 


me & W NM 


2 


qT 
12 
I3 
01 


COMB 
COMB 
COMB 
COMB 


11.3.6 COMBINA- 
TORIAL LOGIC 


July 19917 


polarity 


;input 
;input 
sinput 
s;active-low output pin 


;equation with the opposite polarity of the pin 
; statement 


For outputs that use only combinatorial logic, you define 
the storage type as COMBINATORIAL or use the 
abbreviation, COMB, in the pin declaration segment of 
the PDS file. See the syntax description and example 
shown next. 
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Syntax 


Pin Statement(s) 


PIN 


Output_pin_location 


Output_pin_name COMB 


Equation(s) Output_pin_name = Boolean expression 


Example 


CHIP EXAMPLE PAL16R6 


PIN 


Combinatorial output 


2 Il COMB ;input 
PIN 3 I2 COMB ;input 
PIN 4 13 COMB ;input 
PIN 12 01 COMB ;output 
01 = 11 * [2 + 13 ;Boolean expression 


11.3.7 REGISTERED 
OR LATCHED LOGIC 


11.3.7.1 D Flip-Flop 


For outputs that use registered or latched logic, you 
must define the corresponding output type in the pin 
declaration segment. On some programmable devices 
the registers can be programmed into different types, 
while others have a fixed hardware configuration. In 
general, there are three types of registers. Their 
corresponding language syntax is described below. 


¢ D Flip-flop 
¢ SR Flip-flop 
« Latch 


To use registered logic with D Flip-flops, you must 
define the output type as REGISTERED or REG and 
write the corresponding equation for the registered 
Output. 


11-20 
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Devices Supported: Devices that use D flip-flops are 
the 16RA8, 16R8, 16V8, 16V8HD, 20EV8, 20RAQ, 
20R8, 20V8, 20X10/20L10, 22V10, 24R10, 24V10, 
26V12, 29M16, 29MA16, 32VX10, and 610. 


Syntax 
Pin Statement(s) 
PIN Output_pin_location Output_pin_name REG 
Equation(s) paepiesrn ian = Boolean expression 
Example Registered output with D flip-flop 


CHIP EXAMPLE PAL16R8 


PIN 


2 11 COMB sinput 

PIN 3 I2 COMB ;input 

PIN 4 13 COMB ;input 

PIN 12 01 REG sregistered output 

01 = 11* I2 + 13 ;equation for registered output 01 

11.3.7.2 SR Flip-Flop To use registered logic with SR flip-flops, define the 
output type as REGISTERED or REG and provide one 
corresponding equation for each of the R and S inputs. 
Devices Supported: Devices that use SR flip-flops are 
the 105, 167/168, 30S16, and 610. 

Syntax 

Pin Statement(s) | 

PIN Output_pin_location Output_pin_name REG 
Equation(s) Output_pin_name.R = Boolean expression 


OQutput_pin_name.S = Boolean expression 
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Example Registered output with SR flip-flop 


CHIP EXAMPLE PLS167 


PIN 


2 Il COMB ;input 

PIN 3 I2 COMB ;input 

PIN 4 13 COMB ; input 

PIN 9 01 REG ;registered output 

0O1.R = I1 * [2 + I3 ;equation for the R input of the register 01 

01.8 = /Tl ;equation for the S input of the register Ol 

11.3.7.3 Latch To use latched logic, define the output type as 
LATCHED, or LAT, and write the corresponding 
equation for the latched output. 
Devices Supported: Devices that use latched logic 
are the 20EG8, 29M16, and 29MA16. 

Syntax 

Pin Statement(s) 

PIN Output_pin_location Output_pin_name LAT 
Equation(s) Qutput_pin_name = Boolean expression 
Example Latch output 


CHIP EXAMPLE PALCE29M16 


PIN 2 Il COMB ; input 


PIN 14 I2 COMB ;input 

PIN 23 13 COMB ;input 

PIN 9 01 LAT ;latched output 

01 = 11 * 12 + 13 ;equation for latched output 01 


11-22 PALASM 4 USER'S MANUAL, SECTION IV, SOFTWARE REFERENCE July 1991 


11.3.8 FEEDBACK You specify feedback of logic signals by defining the 
Signals in the pin segment and specifying the logical 
construction in the equations or state segments. You 
may then use the defined signal names in other 
equations to accomplish feedback. This section details 
feedback specifications by syntax category. 


11.3.8.1 Program- For those programmable devices that have a program- 
mable Feedback mable feedback configuration, there are six possible 
configuration types. 


¢ Output with I/O feedback 

¢ Output with /Q feedback 

¢ Output with I/O and /Q (dual) feedback 
¢ Buried register with /Q feedback 

¢ Buried register with Q feedback 

¢ Registered input with /Q output. 


Output with I/O The language syntax for combinatorial and registered 
Feedback output with the I/O feeding back to the arrays is shown 
next. 


Devices Supported: Devices that have output with I/O 
feedback configuration are the 20EG8, 20EV8, 2358, 
26V12, 29M16, 29MA16, 32VX10, and 610. 


VO Pin 


Combinatorial Output with !/O Feedback 
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170 Pin 4 VO Pin 


Registered/Latched Output with I/O Feedback 


Syntax 


Pin Statement(s) 
PIN I/O_pin_location I/O0_pin_name <1/0_storage_type > 


Equation(s) I/O_pin_name = Boolean expression 
< Output equations(s) using I/O_pin_name as feedback > 
* Use the following table for the appropriate storage types. 


Output Type <I/0_ storage type» 
Combinatorial COMB 
D flip-flop REG 
Latch LAT 
Example 1 Output with I/O feedback 


CHIP EXAMPLE PALCE29M16 


PIN 2 Il COMB ;input 


PIN 14 =12 COMB ;input 
PIN 3 IOFO COMB 31/0, combinatorial 
PIN 15 IOF4 REG 31/0, registered 
IOFO = I1 * I2 * IOF4 ;equation for IOFO with feedback from registered 
; 1/0, IOF4 
IOF4 = IOFO * I] ;equation with feedback from combinatorial I/0, IOFO 


SE a SP A IIE aE Ea SN I NS a LE TEES AILS OE OE SI I EI SS IS I IO IRE SIO I IS ST I BFE EE SO SN TIE IE TT EN ISON 
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Output with /Q Feedback The syntax for combinatorial and registered or latched 
output with the /Q register output feeding back to the 
arrays is shown below. 


Devices Supported: Devices that have output with /Q 
feedback configuration are the 20EG8, 20EV8, 23S8, 
26V10, 29M16, 29MA16, and 32VX10. 


VO Pin 


Combinatorial Output with /Q Feedback 


VO Pin V/O Pin 


Registered/Latched Output with /Q Feedback 
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Syntax 


Pin Statement(s) 
PIN I/O_pin_location I/O_pin_name <I/0_storage_type > 


NODE Buried_node_location Buried_node_name < Node_storage_type > 


Equation(s) I/O_pin_name = Boolean expression 
/Buried_node_name = { 1/O_pin_name~ } 


< Output equation(s) using either I/O_pin_name or Buried_node_name as 
feedback(s) > 


* Use the following table for the appropriate storage types. 


Storage element <I/0_ storage type>  <Node storage type 
D Flip-flop COMB or REG REG 


** I/O_pin_name inside curly brackets must use the same polarity as defined on the 


left side of the output equation. 


Example Combinatorial output with /Q feedback 


CHIP EXAMPLE PALCE29M16 


PIN 2 10 COMB ;input 


PIN 14 11 COMB ; input 

PIN 9 IOF2 COMB 31/0, combinatorial 

PIN 15 IOF4 COMB 31/0, combinatorial 

NODE 9 RF2 sburied node 

/IOF2 = 10 * [1 ;equation for IOF2 

/RF2 = { /IOF2 } ;define buried node /RF2 as /Q of IOF2's register 

IOF4 = /RF2 * I1 ;equation with feedback from buried node RF2 

Output with I/O and /Q The language syntax for combinatorial and registered 
(Dual ) Feedback or latched output with both the I/O and the /Q register 


output feeding back to the array is shown below. 


Devices Supported: Devices that have output with 
both I/O and /Q configuration are the 29M16 and 
29MA16. 
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Combinatorial Output with 1/O and /Q Feedback (Dual Feedback) 


Registered/Latched Output with I/O and /Q Feedback (Dual Feedback) 
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Syntax 


Pin Statement(s) 
PIN I/O_pin_location I/O_pin_name <I/O_storage_type*> 


NODE Buried_node_location Buried_node_name < Node_storage_type > 


Equation(s) I/O0_pin_name = Boolean expression 
/Buried_node_name = { I/0_pin_name** } 


< Output equation(s) using either I/O_pin_name or buried_node_name, 
or both, as feedback(s)> 


* Use the following table for the appropriate storage types. 


storage element  <JI/0 storage type» § <Node_ storage type» 
D Flip-flop COMB or REG REG 


** [/0_pin_name inside curly brackets must use the same polarity as defined on the 


left side of the output equation. 


Example Registered output with I/O and /Q feedback 


CHIP EXAMPLE PALCE29M16 


PIN 2 10 COMB sinput 


PIN 14 Ti COMB ;input 

PIN 3 IOFO COMB ;1/0, combinatorial 

PIN 15 IOF4 REG 31/0, registered 

PIN 16 IOF5 REG 31/0, registered 

NODE 3 RFO ;buried node, of pin 3's register 

/TIOFO = I0 * /I1 ;equation for combinatorial I/0 /IOFO 

/RFO = { /IOFO } ;define /RFO as /Q output of IOFO 

IOF4 = IOFO * /I0 ;equation with I/0 feedback IOFO 

IOF5 = /RFO * I] ;equation with buried node feedback /RFO 

Buried Register with /Q To use the /Q feedback of registers or latches that are 
Feedback buried, you must write an equation for the buried node. 


The language syntax for the buried /Q output feedback 
is illustrated below. 
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Devices Supported: Devices that have buried 
registers with /Q feedback configuration are the 23S8, 
29M16, and 29MA16. 


Buried Register with /Q Feedback 


Syntax 
Pin Statement(s) 

NODE Buried_node_location Buried_node_name REG or LAT 
Equation(s) /Buried_node_name = Boolean expression 


< Output equation(s) using buried_node_name as feedback > 


Example Buried register with /Q feedback 
CHIP EXAMPLE PALCE29M16 


PIN 2 10 COMB ;input 


PIN 14 11 COM ;input 

PIN 15 IOF4 REG 31/0, registered 

NODE 6 Rl REG ;Buried node 

/R1l = 10 * /Il ;equation for buried node, Rl, with negative polarity 
IOF4 = /R1 * I0 ;equation using Rl as feedback 
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Buried Register with Q To use the Q feedback of registers that are buried, you 

Feedback must write an output equation for the buried node of the 
Q output. The language syntax for the buried Q 
feedback is illustrated on the next page. 


Devices Supported: Devices that have buried 
registers with Q feedback configuration are the 105, 
167/168, and 30S16. 


Buried Register with Q Feedback 


Syntax 
Pin Statement(s) 

NODE Buried_node_location Buried_node_name REG 
Equation(s) Buried_node_name.S = Boolean expression 


Buried_node_name.R = Boolean expression 


< Output equation(s) using buried_node_name as feedback > 
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Example Buried registered with Q feedback 


CHIP EXAMPLE PLS167 


PIN 


8 10 COMB ;input 

PIN 7 i COMB ;input 

PIN 6 13 COMB ;input 

PIN 14 =PO REG ;output, registered 

NODE 1 SO REG ;Buried node 

$0.S = 10 * /I1 ;equation for S input of the SR flip-flop with buried 
; node SO 

SO.R = 13 * I1 ;equation for R input of the SR flip-flop with buried 
; node SO 

PO = SO * I0 sequation using SO 

Registered Input with /Q The output macrocell can also be configured as an 

Output input register or latch with /Q output. 


Devices Supported: Devices that have registered 
input with /Q output configuration are the 29M16 and 
29MA16. 


Registered/Latched Input with /Q Output 


Syntax 


Pin Statement(s) 
PIN I/O_pin_location I/O_pin_name Storage_type 


NODE Buried_node_location Buried_node_name REG 


Equation(s) < Output equation(s) using buried_node_name as feedback* > 
* __Pin name cannot appear on the left side of any equation. 
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Example Registered input with /Q input 


CHIP EXAMPLE PALCE29M16 


PIN 2 10 COMB ;input 


PIN 14 Il COMB input 

PIN 7 102 REG ;1/0, registered 

PIN 15 IOF4 COMB 31/0, combinatorial 

NODE 7 R2 REG ;Buried node 

1OF4 = /R2 * 10 + R2 * Il sequation using R2 

11.3.8.2 Non- Some programmable devices have feedbacks that are 
Programmable not programmable, that is, their feedback paths are 
Feedback fixed. There are two types of non-programmable 


feedback. 


¢ Combinatorial or registered output with I/O 
feedback 
¢ Registered output with /Q feedback 


Combinatorial or If an output is configured to be combinatorial or 
Registered Output with registered, the I/O can be used to feedback directly into 
I/O Feedback the logic array. To use the combinatorial output as 


feedback, no special language syntax is necessary. 
Simply write the output equation for that I/O pin, then 
use the I/O pin name in the Boolean expression, as 
required for other output equations. 


Devices Supported: Devices that have combinatorial 
output with I/O feedback are the 16R8, 16RA8, 16V8, 
18P8, 20R8, 20RA10, 20V8, 20X10/20L10, 221P6, 
22P10, 22V10, 2388, 24R10, and 24V10. 
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Registered Output with If an output is configured to be registered, the /Q output 

/Q Feedback of the register can be used to feedback directly into the 
logic array. To use the /Q output as feedback, no 
special language syntax is necessary. Simply write the 
output equation for that I/O pin, then use the I/O pin 
name in the Boolean expression, as required for other 
output equations. 


Devices Supported: Devices that have registered 
output with /Q feedback are the 16R8, 16V8, 20R8, 
20V8, 20X10/20L10, 22V10, 24R10, and 24V10. 


11.3.9 PRELOAD There are two types of preload control. 
CONTROL 

¢ Supervoltage 

e Product term control 


11.3.9.1 Super- The supervoltage preload control allows any arbitrary 

voltage state value to be loaded into the registers or latches 
under supervoltage.® No special language syntax is 
required for this type of supervoltage-enabled preload. 


Devices Supported: Devices that use supervoltage 
preload are the 16V8, 16V8HD, 20EG8, 20EV8, 20V8, 
22V10, 23S8, 24V10, 26V12, 29M16, 29MA16, 30S16, 
32VX10, and 610. 


11.3.9.2 Product The global preload product term is used to control the 
Term Control preload function. To use the preload product term, you 
must use the language syntax described below. 


8 Refer to the PAL Device Data Book for details. 
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Devices Supported: Devices that have both super- 


voltage enabled and preload product term control are 
the 29M16 and 29MA16.2 


Syntax 


Pin Statement(s) 
NODE Global_node_location Global_node_name 


Equation(s) Global_node_name.PRLD = Boolean expression using one product term 


Example Preload control with product term 


CHIP EXAMPLE PALCE29M16 


PIN 2 Il COMB ;input 


PIN 11 12 COMB ;input 

NODE 1 GLOBAL ;internal global node 

GLOBAL.PRLD = I1 * /I2 ;spreload the registers when (11 * /I2) is true 
11.3.10 OBSERVA- The global observability product term is used to control 
BILITY PRODUCT the observability function. To use this product term, 
TERM CONTROL you must use the language syntax described below. 


Devices Supported: Devices that have observability 


product term control are the 2388, 29M16, 29MA16, 
and 30816.10 


Refer to 11.4 for specific device syntax datasheets, which provide the assigned node location. 


Refer to the individual datasheets for the assigned node location. 


SSR a I eS I SA A NS GUN SR SS I SIS I GS I IE SG NE SIRT RSL 
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Syntax 


Pin Statement(s) 


NODE Observe_node_location Observe_node_name 
Equation(s) Observe_node_name = Boolean expression using one product term 


Example 


CHIP EXAMPLE PALCE29M16 


PIN 2 11 COMB ;input 


PIN 1l 12 COMB ;input 
NODE 2 OBSERVE ;internal global node 
OBSERVE = I1 * /I2 ;observe buried registers when ( I1 * /I2 ) is true 


11.3.11 COMPLEMENT Complement arrays are used in PLS devices as extra 

ARRAY logic resources. To use a complement array, you must 
first define the output of the complement array as a 
node in the pin statement, then write the equation for 
the opposite output polarity. To use the complement 
array in an equation, you must use the same polarity as 
defined in the pin statement. The syntax and example 
for the complement array are described next. 


Devices Supported: Devices that have complement 
arrays are the 105, 167/168, and 30916. 
Syntax 


Pin Statement(s) NODE Complement_array_node_location Complement_array_node_name 


Equation(s) Complement_array_node_name =Boolean expression with one product term 


< Output equation(s) using either Complement_array_node_name > 
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* Complement_array_node_name must have the opposite polarity as defined in the 
node statement. 


** The complement_array_node_name used in other output equations must have the same 


polarity as defined in the node statement. 


Example Complement array 


CHIP EXAMPLE PLS167 


PIN 7 1 COMB ;input 


PIN 6 I2 COMB ;input 

PIN 2 13 COMB ; input 

PIN 13 Q3 REG ;registered output 

NODE 13 /CA ;complement array node 

CA = 11 * /T2 ;write the equation for CA output with opposite polarity 
; as defined in the pin statement 

03.8. =-/CA * 13 suse same polarity, /CA as defined in the pin statement 


11.3.12 ELECTRONIC The electronic signature word contains 64 bits of 

SIGNATURE programmable memory that can contain user-defined 
data. You can program the signature using the 
Signature statement, shown next. 


Syntax 
Pin declaration segment 


SIGNATURE = < Base(radix) number > or an alphanumeric character string 


* The signature can be specified in any of the following formats. 


Base (Radix) Number Syntax Max Number of Digits 
Binary #B or #b 64 
Decimal (Default) #0 or #d 15 
Hexadecimal #H or #h 16 
Octal #0 or fo 21 


11-36 PALASM 4 USER'S MANUAL, SECTION IV, SOFTWARE REFERENCE July 1991 


Example 1 Signature using a base number 


SIGNATURE = 144350 


Example 2 Signature using an alphanumeric character string 


SIGNATURE = V12_6 
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11.4 PLD 
DEVICE SYNTAX 
DATASHEETS 


11.4.1 PIN AND NODE 
DESCRIPTIONS 


The information here is divided into datasheets for the 
following non-standard programmable devices. !' 


e 105 

° 167/168 
¢ 16RA8 

¢ 16V8HD 
¢ 20EG8 

¢ 20EV8 

¢ 20RA10 
¢ 22IP6 

e 22V10 

¢ 2388 

¢ 26V12 

¢ 29M16 

¢ 29MA16 
¢ 30S16 

¢ 32VX10 
° 610 


Each datasheet consists of the following information for 
a particular device. 


e Pin and Node Descriptions 
¢ Block and Macrocell Diagrams 
¢ Special Programming Features 


The pin and node descriptions provide the locations 
and names for each pin and node in the specified 
device. This information is needed to program specific 
features, such as global preset and reset, preload with 
product term control, observability, and feedback with 
buried nodes. 


1 Standard devices are not listed here and are discussed only in 11.3. MACH devices are 


discussed in 11.5. 
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11.4.2 BLOCK AND The block diagram shows the relationship between 

MACROCELL the macrocells and pins, and the locations of the 

DIAGRAM(S) macrocells. The macrocell diagram(s), if any, show 
logic and fuse information of each type of macrocell, as 
well as node locations. 


11.4.3 SPECIAL These discussions identify the language syntax 
PROGRAMMING required to program each special feature not covered in 
FEATURES the earlier general language syntax discussion. 


Information here is organized into subtopics that cover 
each special programming feature. The corresponding 
language syntax and an example that illustrates its use 
are also included. 
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PLS105: PLS105 / PLSCE105 


PIN AND NODE ¢ 28 pins 


DESCRIPTIONS ¢ 6 buried nodes 
¢ 1complement array node name 


105 

Foe a FF 
LOCATION LOCATION DESCRIPTIONS 
1 CLK ~ — ~ 


Buried feedback 
Complement arra 


BLOCK AND Block and macrocell diagrams follow. 


MACROCELL 
DIAGRAMS 
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105: PLS105 / PLSCE105 


PorOE [ > 


105: Block Diagram Showing Pin and Node Locations 


SPECIAL ¢ Programmable preset/output-enable pin 
PROGRAMMING - State bits 

FEATURES 

Programmable Pre- Pin 19 controls either preset or output enable for the 
set/Output Enable Pin entire device. You define the global function for pin 19 


by writing either a .TRST or a .SETF functional 
equation for one or more outputs. If you write 
equations for more than one output, each must contain 
the same sequence of literals and operators. 
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105: PLS105 / PLSCE105 


To eliminate confusion and reduce errors, it is a good 
idea to write functional equations for a group of vectors 
rather than for each pin; the preset or enable function 
controls all output pins. 


Syntax 1 Using an output vector 


Pin Statement(s) 
PIN Input_pin_location Input_pin_name 
PIN < Output_pin_number(s) > Output_vector_name 


Equation(s) using Pin 19 to control output enable 
Output_vector_name.TRST = Input_pin_name 
or using Pin 19 to control preset 


Output_vector_name.SETF = Input_pin_name 


Example 1 Output enable using an output vector 

PIN 19 OE ;output-enable control input 

PIN 10 13, 15.18 Q{7..0] ;Output vector, Q[{7..0] 

Q{7..0].TRST = OE spin OE controls the buffers of outputs Q7 to Q0 
Syntax 2 Using group outputs 


Pin Statement(s) 
PIN Input_pin_location Input_pin_name 
GROUP Group_name < Output_pin/Node_name(s) > 
Equation(s) using Pin 19 to control output enable 
Group_pin_name.TRST = Input_pin_name 
or using Pin 19 to control preset 


Group_pin_name.SETF = Input_pin_name 
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105: PLS105 / PLSCE105 


Example 2 Preset enable using group outputs 
a 19 PRESET ;preset input 

PIN 18 Q7 REG ;Output 

a 10 Q0 REG ;output 

sate 1 $0 ;buried node 

‘aE 6 $5 ;buried node 


GROUP OUTPUTS 
Q7 Q6 Q5 04 O03 O02 01 00 


$5 S4 $3 S2 S11 _ SO ;group all] outputs and buried registers as QUTPUTS 
OUTPUTS.SETF = PRESET ;pin PRESET controls the preset of output registers 
; Q7 to QO 
State Bits Device 105 has six buried-state registers where bits 


can be stored: SO to S5. Do not assign names to the 
buried-state registers when you want to assign state 
bits automatically. 
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167/168: PLS167 / PLSCE167 / PLS168 / PLSCE168 


PIN AND NODE - 24pins 


DESCRIPTIONS ¢ 6 buried nodes 
¢ 1complement array node name 


167/168 


LOCATION LOCATION DESCRIPTIONS 
1 CLK 7 - = 


Buried feedbacks 
Complement arra 


BLOCK AND Block and macrocell diagrams follow. 


MACROCELL 
DIAGRAMS 
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167/168: PLS167 / PLSCE167 / PLS168 / PLSCE168 


10-113 (167) 
10-111 (168) 


Programmable AND Array 
(45 x 48) 


Programmable OR Array 
(48 x 25, 167) (48 x 29, 168) 


cE ER EF 

S R S R S R 

Peet toer toe 
a ices 


PorOE [ > 


Q0-Q3 (167) PO0-P1 (167) 
m = 2 (167), 4 (168) ; 
n= 14 (167), 12 (168) Q0-Q3 (168) PO0-P3 (168) 


167/168: Block Diagram Showing Pin and Node Locations 
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167/168: PLS167 / PLSCE167 / PLS168 / PLSCE168 


SPECIAL - Programmable preset/output-enable pin 
PROGRAMMING - State bits 

FEATURES 

Programmable Pre- Pin 16, P or OE, controls either the preset or output 


set/Output-Enable Pin enable globally. You define the function for pin 16 by 
writing either a .TRST or a .SETF functional equation 
for one or more outputs. If you write equations for more 
than one output, each must contain the same sequence 
of literals and operators. 


To eliminate confusion and reduce errors, it's a good 
idea to write functional equations for a group of vectors 
instead of for each pin; since the preset or enable 
function controls all output pins. 


Syntax 1 Programmable output enable/preset using an output 
vector 


Pin Statement(s) 
PIN Input_pin_location Input_pin_name 
PIN < Qutput_vector_number(s) > Output_vector_name Storage_type 


Equation(s) using Pin 16 to control output enable 
Output_vector_name.TRST = Input_pin_name 
or using Pin 16 to control preset 


Output_vector_name.SETF = Input_pin_name 


Example 1 Output enable using an output vector 
PIN 16 OE ;output-enable input 

PIN 14 15, 9..11 Q[0..7] ;output vector, Q[0..7] 

Q(O..7).TRST = OE ;pin OE controls the outputs Q0 to Q/7 
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Syntax 2 


167/168: PLS167, PLSCE167, PLS168, PLSCE168 


Pin Statement(s) 


Programmable output enable/preset using group 
outputs 


PIN Input_pin_location Input_pin_name 


GROUP Group_name < Output_pin/node_name(s) > 
using Pin 16 to control output enable 
Group_pin_name.TRST = Input_pin_name 
using Pin 16 to control preset 


Group_pin_name.SETF = Input _pin_name 


Equation(s) 


or 


Example 2 
PIN 16 
PIN 9 
PIN 11 
PIN 14 
PIN 15 
NODE 1 
NODE 6 


GROUP OUTPUTS 


PO Pl 
S5 $4 S3 S2 


PRESET 
Q0 


$5 


01 


REG 


REG 


00 
$1 SO 


OUTPUTS.SETF = PRESET 


State Bits 


July 1991 


Preset using group outputs 
;preset input 
;output 
;output 
;output 
;output 


sburied node 


sburied node 


;group all outputs and buried registers as OUTPUTS 


spin PRESET controls the preset of output registers Q2 
; to QO, PO and Pl, and buried registers S5 to SO 


Devices 167/168 have six buried state registers for 
storing bits: SO to S5. Do not assign names to the 
buried-state registers when you want to assign state 
bits automatically. 
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16RA8: PAL16RA8 


PIN AND NODE ¢ 20 pins 
DESCRIPTIONS « No internal nodes 


16RA8 
) -i- aee 
aad LOCATION DESCRIPTIONS 


BLOCK AND Block and macrocell diagrams follow. 


MACROCELL 
DIAGRAMS 


: — 17 
GND 
OE 
lOO - 107 
VCC 
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16RA8: Block Diagram Showing Pin and Macrocell Locations 
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1GRA8: PAL16RA8 


Programmable .. Preload Enable 
AND Array = Macrocell 


‘ee 
ne se 
ss BS 
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Ss 
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‘ate 
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< 
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16RA8: Macrocell Diagram 


SPECIAL ¢ Common external and individual product term 
PROGRAMMING output-enable control 
FEATURES 


¢ External preload control 


Common External Each three-state output buffer is controlled by both the 

and Individual common external output-enable pin and an individual 

Product Term product term. If the individual product term is used, an 

Output-Enable output buffer is enabled only if the external output- 

Control enable pin is low and the output-enable product 
term is true. 
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Syntax 


Pin Statement(s) 


Equations) 
Example 
PIN 11 
PIN 2 
PIN 

12 


PIN 


PIN 


16RA8: PAL16RA8 


To program the product term, you write a .TRST 
equation for the corresponding output. Otherwise, just 
control the output buffer using the external output- 
enable pin. To program the individual product term use 
the syntax below. 


I/O_pin_location Output_pin_name Storage_type 


I/O_pin_name .TRST = Boolean expression with one product term 


OE 
10 
11 
T00 COMB 


I00.TRST = 10 * [1 


External Preload 
Control 


July 1991 


;Output enable input 
sinput 

;input 

;output, combinatorial 


;output buffer I00 is only enabled if OE is LOW and 
; (I10*I1) is HIGH 


Register preload is controlled by a TTL-level signal 
through an external preload pin, pin 1. No special 
language syntax is required. 
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16V8SHD: PAL16V8HD 


PIN AND NODE * 24 Pins 
DESCRIPTIONS * 16 Buried Nodes 
16V8HD 
oe | ak | | — a |e 
LOCATION LOCATION DESCRIPTIONS 
1 CLK or I0 _ - - 
1-12 1-2 IBN1 —- IBN2 Buried nodes for input latches 
LE or I3 IBN3 Buried nodes for input latches 
4-18 IBN4 — IBN8 Buried nodes for input latches 
OE or I9 
GND 
VCC 
100 — 103 Buried nodes for feedback latches 
GND — 
VCC - 
104 - 105 IOBN4 — IOBN5 Buried nodes for feedback latches 
GND _ ~ 
lO6 — 107 lIOBN6 — IOBN7 Buried nodes for feedback latches 


VCC 


BLOCK AND Block and macrocell diagrams follow. 
MACROCELL 
DIAGRAMS 
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16VS8SHD: PAL16V8HD 


Programmable ., To Adjacent 
AND Array = = ocecese. SS eeesecececestetatte atetatete etetets rota taPe' OD one ceemosetetosess “ Macrocell 


VO Pin 
IOn 
KD 


From 
Adjacent 
Macroceil 


n=0..7 = 
* In macrocells MCO and MC7, SG1 is replaced by SGO on the feedback multipexer 


16V8HD: Output Macrocell 


Input Pin 


n=1..8 
* T3 can also be used as dedicated latch input enable 


16V8HD: Input Macrocell 
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16VSHD: PAL16V8HD 


SPECIAL * Latch and clock controls 

PROGRAMMING * Output with latched feedback 

FEATURES * Feedback with latched input 
* Input latch 


Output buffer with open collector output 


Latch and Clock The clocks of all output registers are controlled by a 

Controls dedicated clock input, pin 1, which can also be used as 
an input. The latch enable inputs of all input and 
feedback latches are controlled by a dedicated latch 
input, pin 4, which can also be used as an input. To 
use pin 1 as clock control, write a .CLKF equation for 
any I/O pin. To use pin 4 as latch control, write a 
.CLKF equation for any latch node name, as shown 
below. 


Syntax 1 For clock control 


Pin Statement(s) 
PIN 1 Clock_input_name 
PIN I/O_pin_number I/0_pin_name REG 


Equation(s) I/O_pin_name.CLKF = Clock_input_name 


Syntax 2 For latch control 


Pin Statement(s) PIN 4 Latch _enable_name 


Node Buried_node_number Buried_node_name LAT 
Equation(s) 1/0_pin_name.CLKF = Latch_enable_name 


Note: If you do not include any .CLKF equations, then 
the clock pin is routed to all registers by default and the 
latch enable pin is routed to all latches by default. 
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Note: If you write no .CLKF equations, the clock pin is 
routed to all registers by default and the latch enable 
pin is routed to all latches by default. 


16V8SHD: PAL16V8HD 


Example Latch and clock control 

PIN 1 Clock sclock input 

PIN 4 LE s;latch enable input 

PIN 13 100 REG ;output, registered 

NODE 9 IOBNO LAT sburied node of feedback latch [00 

I00.CLKF = Clock sassign clock input 

IOBNO.CLKF = LE ;assign latch enable input 

Output with Latched For each output macrocell, the feedback from each I/O 
Feedback can be programmed to be a latched input that feeds 


back to the AND array. Each output macrocell can be 
configured to have either combinatorial or registered 
output with latched feedback. The PALASM syntax for 
both cases is shown below. 


To 
AND 
Array 


16V8HD: Combinatorial Output with Latched Feedback 
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16V8SHD: PAL16V8HD 


Syntax For combinatorial output with latched feedback 


Pin Statement(s) 
PIN I/O_pin_number 1/0_pin_name COMB 


NODE Buried_node_number Buried_node_name LAT 


Equation(s) I/O_pin_name = Boolean expression 
Buried_node_name = 1/0_pin_name~ 


< Output equation(s) using Buried _node_name as feedback > 


* J/0O_pin_name must use the same polarity as defined in the pin statement. 


16V8HD: Registered Output with Latched Feedback 


Ea eR IE TITTIES ET IP I TE OT TT EE LIE IE TE I LIE TET POE EL LILLE EEE 
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16V8HD: PAL16V8HD 


Syntax For registered output with latched feedback 


Pin Statement(s) PIN I/0_pin_number I/0_pin_name REG 


NODE Buried_node_number Buried_node_name LAT 


Equation(s) for D flip-flop 
I/O_pin_name = Boolean expression 
for T flip-flop 
I/O_pin_name.T = Boolean expression 


Buried_node_name = 1/0_pin_name~ 


< Output equation(s) using Buried_node_name as feedback > 
* _I/0_pin_name must use the same polarity as defined in the pin statement. 


Example Output with latched feedback 

PIN 2 11 sinput, combinatorial 

PIN 3 12 ;input, combinatorial 

PIN 13 100 REG 31/0, registered 

PIN 14 /101 COMB 31/0, combinatorial 

PIN 15 102 COMB 31/0, combinatorial 

NODE 9 IOBNO LAT sburied node, feedback latch 

NODE 10 IOBN1 LAT sburied node, feedback latch 

I00 = [1 * [2 ;output equation for I00 

I01 = I1 * /12 ;output equation for I01 

IOBNO = IO0O0 ;assign node IOBNO to latch the feedback from I00 
IOBN1 = /I01 ;assign node IOBN1] to latch the feedback from /I01 


EE CICS A CN IE I ESBS A A ON I SS A PO AS I I SS SR I SA ESOS SES 
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16VSHD: PAL16V8HD 


Feedback with Each output macrocell can be configured to be used 
Latched Input just as an input, with no output. The PALASM syntax 
for this configuration is shown below. 


16V8HD: Feedback with Latched Input Only 


Syntax 


Pin Statement(s) PIN I/0O_pin_number I/O0_pin_name 


NODE Buried_node_number Buried_node_name LAT 


Equation(s) Buried_node_name = I/O0_pin_name™ 


< Output equation(s) using Buried_node_name as input > 
* I/0_pin_name must use the same polarity as defined in the pin statement. 


Example 

PIN 2 Tl ;input, combinatorial 

PIN 3 12 sinput, combinatorial 

PIN 13 100 sinput only 

PIN 15 102 COMB 31/0, combinatorial 

NODE 9 IOBNO LAT ;buried node, feedback latch 

IOBNO = I00 :assign node IOBNO to I00 

I02 = I1 * /I2 * /IOBNO ;output equation for 102 using IOBNO as input 
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16VSHD: PAL16V8HD 


Input Latch Each input macrocell can be configured as a latched 
input. The PALASM syntax for this configuration is 
shown below. 


16V8HD: Input Latch 


Syntax 


Pin Statement(s) PIN Input_pin_number Input_pin_name 


NODE Buried_node_number Buried_node_name LAT 


Equation(s) Buried_node_name = Input_pin_name~ 


Output equation(s) using Buried_node_name as input 
* _Input_pin_name must use the same polarity as defined in the pin statement. 


Example Input latch 

PIN 2 Il ;input, combinatorial 

PIN 3 I2 ;input, combinatorial] 

PIN 15 102 COMB 31/0, combinatorial] 

NODE 1 IBN1 LAT ;buried node, latched 

IBN1 = [1 ;assign node IBN1] to input I1 

I02 = I1 * IBN1 ;output equation for I02 using node IBN] as input 
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16V8HD: PAL16V8HD 


Output Buffer with Each output buffer can be programmed to have an 
Open Collector open-collector output by blowing the open-collector 
Output fuse, SL5. An 8-bit mask is used to control the eight 


open-collector fuses of the eight outputs. The MSB of 
the 8-bit mask controls output 107, while the LSB 
controls output 100, shown below. 


Qutputs 102 T03 T04 T05 T06 TO00 


Eight-bit Mask X X X X X X 
LSB 


=0Q0orl 
No Open-collector 
= Open-collector 


If the bit for the corresponding output is set, that open- 
collector fuse is blown, resulting in an open-collector 
output. For example, the mask 00000111 means that 
lO0 to 102 are open-collector outputs. In order to use 
the 8-bit mask to program the outputs, use the 
PALASM syntax below. 


Syntax 


Declaration segment 
COLLECTOR = < Base(radix) number > 


Base(radix) number Syntax Max. No. of Digits 


Binary #B oor #b 8 
Decimal #D or #d 3 
Hexadecimal] #H or d#h 2 
Octal #0 or #o 3 
Example Output buffer with open-collector output 
;sDeclaration Segment 
COLLECTOR = #B10100001 ;Outputs I00, I05 and I07 are programmed to be open- 


; collector outputs. 
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20EG8: PAL10H20EGS8 / PAL10020EG8 


PIN AND NODE ¢ 24pins 
DESCRIPTIONS ¢ 1 global preset/reset node 


NODE NODE 
LOCATION DESCRIPTIONS 


1-12 
/Gorl12 
lO1 -— 12 
Vcol 
lO3 — 14 
I3 - 15 
VEE 

I6 — 19 
lO5 — 106 
VCO2 
lO7 — 18 
10-111 
Vcc 


20EG8 


LOCATION 
1-2 


GLOBAL Global preset and reset 


BLOCK AND Block and macrocell diagrams follow. 
MACROCELL 
DIAGRAMS 


Sa a ET I PT IS TB IE OE I a SAD A I Eo IE GO ISEB A SITET BEIT BPI IAI AP ONES IE IS IE I IS, 
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2Z0EGS8: PAL10H20EGS8 / PAL10020EG8 


Global. SETF 


idan 
et 
|e NT 


aol 
fons 
PsN] 
aco 


i) 


a Re aa aa a aia Feit 
Macrocell SE Macrocell eh Macrocell BE Macrocell aa Macrocell ae Macrocell au Macrocell a5 Macroc 


cS 101 


/X 


1 


1-11 O-=—* >a ZS 108 


’X 


ces 102 


[x 


es 107 


—e 


/X 


(40 x 90) 


103 


/X 


Programmable AND Array 


<a 106 


Ze 


ee ae 
Mion 
Global. RSTF 


/G (Latch Enable) 


/X 


and 
D 


/G or 112 C2 
Ka [04 


[X 


<3 105 


SEER REY E 


20EG8: Block Diagram Showing Pin and Node Locations 
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2Z0EGS8: PAL10H20EGS8 / PAL10020EG8 


Programmable = 
AND Array = 


Global. SETF 


VO Pin 


aN 


Global. RSTF 


20EG8: Macrocell Diagram 
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2Z0EGS8: PAL10H20EGS8 / PAL10020EG8 


SPECIAL These devices have no additional programming 
PROGRAMMING features other than those discussed under 11.3. 
FEATURES 
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2Z0EVS8: PAL10H20EVS / PAL10020EV8 


PIN AND NODE - 24pins 
DESCRIPTIONS ¢ 1 global preset/reset node 
20EV8 


PIN 
LOCATION 


I1 — (2 
CLK or 112 
lO1 — 12 
VCO 
lO3 — 14 
I3 - 15 
VEE 

I6 — 19 
lO5 -— 106 
VCO2 
lO7 — 18 
10-111 
VCC 


NODE NODE 
LOCATION DESCRIPTIONS 


GLOBAL Global preset and reset 


BLOCK AND Block and macrocell diagrams follow. 
MACROCELL 
DIAGRAMS 
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Z20EVS8: PAL10H20EVS8 / PAL10020EV8S 
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20EV8: Block Diagram Showing Pin and Node Locations 
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Iol 


3 108 


A 102 


107 


A 103 


106 


104 


a 105 
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Z20EV8: PAL10H20EVS8 / PAL10020EV8 


Programmable :: 
AND Array = 


Global. SETF 


VO Pin 


Global. RSTF 


20EV8: Macrocell Diagram 
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Z0EVS8: PAL10H20EVS8 / PAL10020EV8 


SPECIAL These devices have no additional programming 
PROGRAMMING features other than those discussed under 11.3. 
FEATURES 
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20RA10: PAL20RA10 


PIN AND NODE - 20pins 
DESCRIPTIONS ¢ No internal nodes 
— 


NODE NODE 
‘cian LOCATION DESCRIPTIONS 


lOO — 109 


BLOCK AND Block and macrocell diagrams follow. 
MACROCELL 
DIAGRAMS 
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20RA10: PAL20RA10 
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20RA10: Block Diagram Showing Pin and Macrocell Locations 
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11-71 


2Z0RA10: PAL20RA10 


Programmable .. Preload Enable 
AND Array = Macrocell 


20RA10: Macrocell Diagram 


SPECIAL ¢ Common external and individual product term 
PROGRAMMING output-enable control 
FEATURES 


¢ External preload control 


Common External Each three-state output buffer is controlled by both the 
and Individual common external output-enable pin and an individual 
Product Term Output- product term. If the individual product term is used, an 
Enable Control output buffer will be enabled only if the external 


output-enable pin is low and the output-enable 
product term is true. 
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2Z0RA10: PAL20RA10 


To program the product term, you write a .TRST 
equation for the corresponding output. Otherwise, you 
can control the output buffer with the external output- 
enable pin. 


Syntax 


Pin Statement(s) 
PIN I/O_pin_location I/O_pin_name Storage_type 


Equation(s) I1/O_pin_name_ .TRST = Boolean expression with one product term 


Example 

PIN 13. OE ;output-enable input 

PIN 2 10 ;input 

PIN 3 Il ;input 

PIN 14 [00 COMB ;output, combinatorial 

I00.TRST = I0 * [1 ;output buffer I00 is only enabled if OE is LOW and 


; (TO*I1) is HIGH 


External Preload Register preload is controlled by a TTL-level signal 
Control through an external preload pin, pin 1. No special 
language syntax is required. 


a SE THT PTI ET I TT a I TT EE DT EE IE TE SG OE ET IS TERE ITS SIE TT SES TE LE EE DE EE EI EN ST 
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22IPG: PALCE22IP6 


PIN AND NODE ¢ 24pins 
DESCRIPTIONS ¢ No internal nodes 
—— 


NODE NODE 
ai LOCATION DESCRIPTIONS 


BLOCK AND Block and macrocell diagrams follow. 


MACROCELL 
DIAGRAMS 


=A 
IS — 10 
5-14 
lOS — 103 
GND 

lO2 — 100 
13-111 
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22IP6: PALCE22IP6 
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22IP6: Block Diagram Showing Pin and Macrocell Locations 
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221P6: PALCE22IP6 


Programmable :: 
AND Array = 


* 
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22IP6: 2-T Macrocell Diagram 
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221P6: PALCE22IP6 


Programmable :. 
AND Array © 
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S—R Macrocell 


22IP6: S-R Macrocell Diagram 


SPECIAL ¢ 2-T flip-flops with programmable edge-activated 

PROGRAMMING input polarity 

FEATURES - SR flip-flops with programmable edge-activated 
input polarity 


« Preset/reset controls with individual Sum terms 


2-T Flip-Flops Three of the flip-flops in the 22IP6 are 2-T flip-flops. 
Each 2-T flip-flop has two independent inputs. Each 
input can be defined as rising- or falling-edge triggered. 
The language syntax is shown next. 


SS eas eeneee eee a eee ree ese ee eee eee e 2 ST IE TI TL TE ST 
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22IPG: PALCE22IP6 


Syntax 
Pin Statement(s) 

PIN I/O0_pin_location I/0_pin_name REG 
Equation(s) 1/0_Pin_name.T1” = Boolean expression 


I/0_Pin_name.T2” = Boolean expression 


* Use active-high output_pin_name for rising-edge triggered; use active—low 


output_pin_name for falling-edge triggered. 


Example 

PIN 1 I0 ; input 

PIN 2 il ;input 

PIN 15 105 REG ;output, registered 

I05.T1 = Il * [2 ;Tl is asserted when I1 * I2 is high (rising edge) 

/105.T2 = 11 * 12 ;12 is asserted when I1 * I2 is low (falling edge) 

SR Flip-Flops Three of the flip-flops in the 22IP6 are SR flip-flops. 
Each SR flip-flop has two inputs. Each input can be 
defined as rising- or falling-edge triggered. The 
language syntax is shown below. 

Syntax 

Pin Statement(s) 

PIN I/O_pin_location I/O0_pin_name REG 
Equation(s) 1/O_Pin_name.S~ = Boolean expression 


1/0_Pin_name.R™ = Boolean expression 


* Use active-high output_pin_name for rising-edge triggered; use active—low 


output_pin_name for falling-edge triggered. 
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22IP6: PALCE22IP6 


Example 
PIN 1 10 ;input 
PIN 2 Il ;input 

PIN 15 105 REG ;output, registered 

105.8 = I1 * 12 3S is asserted when Il * I2 is high (rising edge) 
/105.R = I1 * 12 ;R is asserted when I] * I2 is low (falling edge) 
Preset/Reset Control On each flip-flop, each preset and reset function is 
with Individual Sum controlled by a programmable sum term. The language 
Term Syntax syntax is shown below. 
Syntax 


Pin Statement(s) 
PIN Output_pin_location I/O_pin_name Storage_type 


Equation(s) for preset 
Output_Pin_name.SETF = Boolean expression using one sum term 
or NAND product term 


for reset 
Output_Pin_name.RSTF = Boolean expression using one sum term 


or NAND product term 


Example 

PIN 1 I0 ;input 

PIN 2 Il ;input 

PIN 15 105 REG ;output, registered 

IO5.SETF = 11 + /I2 ;set is asserted when I1 + I2 is true 
I05.RSTF = /(I1 * 12) sreset is asserted when /(I1* I2) is true 
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22V10: PAL22V10 / AMPAL22V10 / PALCE22V10 


PIN AND NODE » 24pins 
DESCRIPTIONS ¢ 1global preset and reset node 
22V10 
ae ee Feo oo 
LOCATION LOCATION DESCRIPTIONS 
1 CLK or !0 - - _ 
2-11 11-110 - - _ 
GND 


iM 
lOO — 109 


preset and reset 


BLOCK AND Block and macrocell diagrams follow. 


MACROCELL 
DIAGRAMS 
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22V10: Block Diagram Showing Pin and Node Locations 
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22V10: PAL22V10 / AMPAL22V10 / PALCE22V10 


Programmable x 
AND Array : 


Global. SETF 


Macrocell 


VO Pin 


at 


22V10: Macrocell Diagram 
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22V10: PAL22V10 / AMPAL22V10 / PALCE22V10 


SPECIAL These devices have no additional programming 
PROGRAMMING features other than those discussed under 11.3. 
FEATURES 
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23S8: PALCE23S8 


PIN AND NODE ¢ 20pins 
DESCRIPTIONS ¢ 1 global preset and reset node 
¢ 1 observability node 
¢ 10 buried nodes 


23S8 


100 - 101 RIOO — RIO1 Register feedbacks 


lO2 — 105 — - 
lO6 — 107 RIO6 — RIO7 Register feedbacks 


GLOBAL Global preset and reset 
OBS Observability 
RO -—R5 Buried registers 


BLOCK AND Block and macrocell diagrams follow. 
MACROCELL 
DIAGRAMS 
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23$8: PALCE23S8 


Programmable = 
AND Array : 


Global. SETF 
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2388: Output Register Macrocell Diagram 
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23S8: PALCE23S8 


Programmable x 
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23S8: Buried Register Macrocell Diagram 
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23S8: PALCE23S8 


Programmable .. 
AND Array : 


Global. SETF 
_ 


Global. RSTF 


23S8: Output Logic Macrocell Diagram 
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23S8: PALCE23S8 


SPECIAL « Individual output-enable product term control with 
PROGRAMMING programmable polarity 
FEATURES 


¢ Macrocells with different configurations 


Individual Output- Each output buffer is controlled by an individual output- 
Enable Product enable product term which has programmable polarity. 
Term Control with The language syntax is shown below. 
Programmable 

Polarity 

Syntax 


~ Pin Statement(s) 
PIN Output_pin_location Output_pin_name Storage_type 


Equation(s) for active-high output-enable control 
Output_pin_name.TRST = Boolean expression using one AND product 
term 
or for active-low output-—enable control 
Output_pin_name.TRST = Boolean expression using one NAND product 
term or one SUM term 
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23S8: PALCE23S8 


Example 
PIN 2 
PIN 3 
PIN 12 
PIN 13 
14 


PIN 


I00.TRST = I1 * 12 


10 
I1 
100 
101 
102 


Individual output-enable product term control with 


programmable polarity 


;input 

input 
REG ;output, registered 
REG ;output, registered 
REG ;Output, registered 


sactive-high output-enable control using AND product 


; term 

IOL.TRST = /(I1 * 12) sactive-low output-enable control using NAND product 
; term 

I02.TRST = /I1 + /12 ;active—-low output—-enable control using SUM term 
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2388: PALCE23S8 


Macrocelis with The 2388 has three different types of macrocells: 
Different output register, output logic macrocell, and buried 
Configurations register. 


Each type of macrocell provides a different set of 
feedback configurations, as tabulated below. Allowable 
configurations are marked with an X in the table. 


REGISTER MACROCELL REGISTER 
Non-Programmable Feedback 
Combinatorial Output with I/O feedback 
Registered Output with I/O feedback 
Programmable Feedback 
Output with I/O feedback 
Output with /Q feedback 
Buried register with /Q feedback 
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26V12: PALCE26V12 


PIN AND NODE - 28 Pins 
DESCRIPTIONS - 12 Buried nodes 
¢ 1 Global preset, reset, and preload node 


26V12 


PIN NODE NODE 
LOCATION LOCATION DESCRIPTIONS 


CLK1 or IO 

l1-12 - _ — 

CLK2 or |3 _ 

l4—15 = 

VCC — 

l6 -112 — 

lOO — 105 RO — R5 Register feedback 
GND - - 

lO6 — 1011 R6 — R11 Register feedback 


113 _ _ 
_ GLOBAL Global preset and reset 


BLOCK AND Block and macrocell diagrams follow. 
MACROCELL 
DIAGRAMS 


a ND a rem nent een ne et te ae een nar ran ane eet eT meee ee 
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26V12: PALCE26V12 


Programmable = 
AND Array 


Global. RSTF 


atarecete 
ean 


SETF 


26V12: Macrocell Diagram 


SPECIAL « Two external clock pins 

PROGRAMMING 

FEATURES 

Two External Clock The 26V12 allows you to individually select one of 

Pins two external clock pins as the the clock input for each 
flip-flop. You can write a .CLKF functional equation, as 
shown next. 
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Syntax 


Pin Statement(s) 


26V12: PALCE26V12 


PIN Clock_input_pin_location Clock_input_pin_name 


PIN Output_pin_location Output_pin_name Storage_type 

Equation(s) Output_pin_name.CLKF = Clock_input_pin_name 
Example 
PIN 1 CLK1l ;Clock input 
PIN 4 CLK2 sclock input 
PIN 14 «12 ;input 
PIN 15 100 REG ;output, registered 

16 101 REG ;output, registered 


PIN 


I00. CLKF = CLKl 
101. CLKF = CLK2 3101 flip-flop uses CLK2 as clock signal 


July 1991 


;100 flip-flop uses CLK1 as clock signal 


Equations written for the 22V10 are mapped to the 
26V12 exactly as if they were implemented on the 
22V10. This means that feedback is taken from /Q by 
default, rather than from the I/O pin. If you want 
feedback from the I/O pin, you must define the 
corresponding buried node in the pin statement portion 
of the design file. However, you should not write any 
equations for that node. If you use the pin name on the 
right side of an equation, feedback will be routed from 
the I/O pin rather than from /Q. 
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29M16: PALCE29M16 


PIN AND NODE 
DESCRIPTIONS 


— 


CLK1 or LE 
10 
IOFO — IOF 1 


loo -— 103 
IOF2 — |OF3 
I3 or OE 
GND 

l4 or CLK2 
or LE 

i 

lOF4 — IOF5 
104 — 107 


IOF6 — IOF7 


24 pins 


16 buried nodes 


1 global preset, reset, and preload node 
1 observability node 


RFO — RF1 


RO—-R3 


RF2 — RF3 


RF4— RF5 


R4—R7 


RF6 — RF7 


GLOBAL 
OBS 


Buried feedback of dual feedback 
macrocell 

Buried feedback of single feedback 
macrocell 

Buried feedback of dual feedback 
macrocell 


Buried feedback of dual feedback 
macrocell 

Buried feedback of single feedback 
macrocell 

Buried feedback of dual feedback 
macrocell 


Global preset, reset, and preload 
Observability node 


BLOCK AND Block and macrocell diagrams follow. 
MACROCELL 
DIAGRAMS 
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29M16: Block Diagram Showing Pin and Node Locations 
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29M16: PALCE29M16 
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29M16: PALCE29M16 


Programmable : 

AND Array = 

Global : 

Asynchronous % Global. SETF 
Preset =» = 

Product Term = 


Global Preload : Global. PRLD 
Product Term = ‘ 


Macrocell 
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OE PTs for 
Banks of 4 
Macrocells 
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29M16: Dual Feedback Macrocell Diagram 
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29M16: PALCE29M16 


SPECIAL ¢ Common external or grouped XOR output-enable 
PROGRAMMING control 
FEATURES 


e Programmable clock polarity 


¢ Macrocells with different configurations 


Common External or Each group of four outputs shares a common output- 
Grouped XOR Output- enable control, which can be selected from a common 
Enable Control external output pin, or an XOR function with two 


product terms, or permanently enabled, or permanently 
disabled. The four groups of outputs are arranged as 
follows. 


group 1: IOFO, IOF1, IO0, IO1 
group 2: IOF2, IOF3, IO2, 103 
group 3: IOF4, IOF5, 104, IO5 
group 4: IOF6, IOF7, 106, 107 


To program the output-enable functions, you can write 
a .TRST functional equation for any output within a 


group, or for an output vector using the language 
syntax shown below. !2 


12 Refer to VECTOR in Chapter 10, in this section, for details on output vector. 
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29M16: PALCE29M16 


Syntax 1 


Pin Statement(s) PIN Input_pin_name 
PIN Output_pin_location I/O0_pin_name Storage_type 


Equation(s) for external output-enable pin 
I/O_pin_name.TRST 
= Input_pin_name 


or grouped XOR function 

= Boolean expression using XOR function with two product terms” 
or permanently enabled 

= VCC 
or permanently disabled 

= GND 


* If you write separate .TRST equations for each output sharing the same XOR function, 
each equation must list the same literals and operators in the same sequence. 
Otherwise, an error message occurs if used in the same design. 


Example 

PIN 11 OE ;0E input 

PIN 2 10 ;input 

PIN 14 Il ;input 

PIN 23 12 ;input 

PIN 3214 5.26 O[1..4] ;grouped output pins 3,4,5,8 into an 
; output vector 0[1..4] 

PIN 9..10, 7..8 0[5..8] 

PIN 15..16, 17..18 O[9..12] 

PIN 21..22, 19..20 0f[13..16] 

O£1..4].TRST = OE ;Output buffers 01 to 04 are controlled 
; by external OE pin 

O(5..8).TRST = 10 * I1 ;output buffers 05 to 08 are controlled 

et: /I2 : by the XOR function 

O[9..12].TRST = VCC ;output buffers 09 to 012 are permanently 
; enabled 

0(13..16] = GND ;output buffers 013 to 016 are permanently 
; disabled 


LAAT ST IST LI I TTS i TEE SAD SE ITTY GSES SEAT TELE SVN EE EIN EOE ACT STD! ERED TOE ITE LLOYD ED LEE LDS NODE ELE OIE LEE SAI ELEN LDS, 


July 1991 CHAPTER 11, DEVICE PROGRAMMING REFERENCE 11-101 


29M16: PALCE29M16 


Programmable Clock The 29M16 allows you to select one of two clock or 

Polarity latch-enable pins for each flip-flop using the .CLKF 
functional equation. An active-low equation produces 
either a falling-edge triggered clock or an active-low 
latch enable. An active-high equation produces either a 
rising-edge triggered clock or an active-high latch 
enable. To select which clock input, simply write a 
.CLKF functional equation for any output. 


Syntax 


Pin Statement(s) 
PIN Clock_input_pin_location 
Clock_input_pin_name Input_type 
PIN Output_pin_location I/O_pin_name Storage_type 


Equation(s) Output_pin_name.CLKF- 
For common external clock input 
= Clock_input_pin_name 
or for individual clock product term 
= Boolean expression with one product term 
* For rising-edge-triggered clock or active-high latch enable, use an active-high 
output_pin_name; for falling-edge-triggered clock or active-low latch enable, 


use an active-low output_pin_name. 


Example 
PIN 1 CLK1 s;input 
PIN 3 100 REG ;output, registered 


/100 .CLKF = CLKi1 ;clocks I00 register on the falling edge of CLK1 clock 
; signa] 
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29M16: PALCE29M16 


Macrocells with The 29M16 has two types of macrocells, a single- 
Different feedback macrocell and a dual-feedback macrocell. 
Configurations 


Each type of macrocell allows a different set of 
feedback configurations, as tabulated below. Allowable 
configurations are marked with an X in the table. 


SINGLE-FEEDBACK MACROCELL DUAL-FEEDBACK MACROCELL 


FEEDBACK CONFIGURATIONS 


Programmable Feedback 
Output with 1/O feedback 
Output with / Q feedback 
Output with /Q and I/O feedback 
Buried register with /Q feedback 
Register input with /Q 
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29MA16: PALCE29MA16 


PIN AND NODE - 24pins 
DESCRIPTIONS ¢ 16 buried nodes 
¢ 1 global preset, reset, and preload node 
¢ 1 observability node 


NODE NoDE 
LOCATION DESCRIPTIONS 


CLK or LE 
l0 
lIOFO — IOF 1 


29MA16 


LOCATION 
1 


RFO — RF1 Buried feedback of dual feedback 
macrocells 

Buried feedback of single feedback 
macrocells 

Buried feedback of dual feedback 
macrocells 


lOO - 103 RO —-R3 


lOF2 — lIOF3 RF2 —- RF3 


4 or OE 


Buried feedback of dual feedback 
macrocells 

Buried feedback of single feedback 
macrocells 

Buried feedback of dual feedback 
macrocells 


RF4—-RF5 


lOF4 — lIOF5 


lO4 - 107 R4—R7 


lIOF6 — IOF7 RF6 — RF7- 


GLOBAL 
OBS 


Global preload 
Observability node 


BLOCK AND Block and macrocell diagrams follow. 
MACROCELL 
DIAGRAMS 
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29MA16: PALCE29MA16 
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29MA16: Dual Feedback Macrocell Diagram 
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29MA16: PALCE29MA16 


¢ Clock control with individual clock product term or 


SPECIAL common external clock pin with programmable 
PROGRAMMING clock polarity 


FEATURES et 
| ¢ Macrocells with different configurations 


Clock Control The 20MA16 allows you to select either a common 
external clock pin or an individual clock product term for 
each flip-flop using the .CLKF functional equation. An 
active-low equation produces either a falling edge 
triggered clock or an active-low latch enable. An active- 
high equation produces either a rising edge triggered 
clock or an active-high latch enable. To select a clock 
input, simply write a .CLKF functional equation for any 
output. 


Syntax 


Pin Statement(s) 
PIN Input_pin_location* Input_pin_name~— 
PIN Output_pin_location I/O_pin_name REG or LAT 


Equation(s) Output_pin_name .CLKF 
for common external clock input 
= Input_pin_name 
or for individual clock product term 

= Boolean expression with one product term 
* Clock or latch input 
** For rising-edge-triggered clock or active-high latch enable, use an active-high 

output_pin_name; for falling-edge-triggered clock or active-low latch enable, 

use 


an _active-low output_pin_name. 
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29MA16: PALCE29MA16 


Example 
PIN 1 CLK ;clock input 
PIN 2 10 ;input 
PIN 14 12 ;input 
PIN 3 100 REG ;output, registered 
PIN 4 101 REG ;output, registered 
PIN 5 10 REG ;output, registered 
PIN 6 Il REG ;output, registered 
/100.CLKF = CLK ;clocks I00 register on the falling edge of CLK 
: clock signal 
I01.CLKF = CLK ;clocks I01 register on the rising edge of CLKl 
: clock signal 
IO.CLKF = 10 * 12 ;output register clock is asserted when (10 * [2) 
: is true 
/11.CLKF = 10 * 12 ;output register clock is asserted when /(I0O * I2) is 
; true 
Macrocells with The 29MA16 has two types of macrocells, a single- 
Different feedback macrocell and a dual-feedback macrocell. 
Configurations 


Each type of macrocell provides a different set of 
feedback configurations, as tabulated below. Allowable 
configurations are marked with an X in the table. 


FEEDBACK CONFIGURATIONS 


Programmable Feedback 

Output with I/O feedback X X 
Output with /Q feedback X X 
Output with /Q and I/O feedback N/A X 
Buried register with /Q feedback | X X 
Register input with /Q X X 
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30816: PLS30S16 


PIN AND NODE ¢ 28 pins 
DESCRIPTIONS ¢ 14 buried nodes 
¢ 2complement array nodes 
¢ 1 observability nodes 


NODE NODE 
LOCATION DESCRIPTIONS 


30S16 


PIN 
LOCATION 


CLKA 
ie 4 
CLKB 
I3 — 15 
lO1 - 102 
OR1 — OR4 
GND 

O1 - 04 
lO3 - 104 
IR1 —1R4 
l6 — 18 


Q feedback from I/O 


QIO1 — QIO2 


Q feedback from output 
Q feedback from I/O 


Q01 - Q04 
QIO3 — QIO4 


Buried Q feedback 
Complement arrays 
Observabilit 


BLOCK AND Block and macrocell diagrams follow. 
MACROCELL 
DIAGRAMS 


SE a a I a I TAI CT I TI TE IE ET TI TSE TT IT IG PT TT PES I I PT TI SINT II ELDERS 
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L664 Ajnr 


JONIHII3Y ONINNVEDObd JDIAR ‘tt HALdVHO 


LEL-bLL 


SUONEDO] SPON Pue Uld Buimoys wWesbeIg 4O01g :91S0E 


IR1-IR4 
= 3 A Input |_4 


CLKO t Regs. fe 


I1-I8 


4 
IO1-I04 
Feedback Sa 
Macrocells OE1-—OE4 
(4) OBS 
QO 1-Q04 
Single- 
Feedback 
Macrocells | )>O1-04 
(4) OEO 
OBS 
Output [> OR1-OR4 
Registers 
(4) OER 
OBS 


7 OE1-OEF4, OEO, OER 
| OBS 
Clock 4 
MUX 4 CLKA, CLKO—-CLK2 
Preset/Reset 


Sum Term for 
Initialization 


9LSOESId -9LSOE 
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Preset/Reset 
Sum Term for 
Initialization 


30816: Single Feedback Macrocell Diagram 
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30816: PLS30S16 


Preset/Reset 
Sum Term for 
Initialization 


ss 
a 
we 


c 
< 
oa 
Loa 
} > 
| > 
cal 
= 


30816: Dual Feedback Macrocell Diagram 
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Preset/Reset 
Sum Term for 
Initialization 


To Output 
Register 
Pin, ORn 


30S16: Buried Register Macrocell Diagram 


a a 
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Programmable 
OR Array % 


oe 
Re 
oe 
3 
=< 


Preset/Reset 
Sum Term for 
Initialization 


From Buried 
Register 
Output, Qn 


30S16: Output Register Macrocell Diagram 


Input Register 


30S16: Input Register Macrocell Diagram 
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Ciock Mux 


=—CLKA (QO1-Q04) 


=— CLK2 (Q1-Q4, 
= ORI-OR4) 


CLK1 (Q101-Q104) 


CLKO (IR1-IR4) 


30S16: Clock MUX Macrocell Diagram 


SPECIAL ¢ _Individual/group output-enable product terms 
PROGRAMMING ¢ Multiple clock controls 
FEATURES - Preset/reset sum terms for initialization 


« Macrocells with different configurations 
¢ Outputs with Q feedback 

¢ Outputs with I/O and Q feedbacks 

¢ Registered Inputs 

¢ State bits 


11-116 PALASM 4 USER'S MANUAL, SECTION IV, SOFTWARE REFERENCE July 1991 


Individual and Group 
Output-Enable 
Product Terms 


Individual Output-Enable 
Product Term 


Syntax 


30$16: PLS30S16 


There are two types of output-enable control. 


e Individual output-enable product term 
¢ Group product term 


PRODUCT TYPE OF 
OUTPUTS TERMS PRODUCT 


lO1 - 104 OE1 - OE4 Individual 
O1 - O04 OEO Group 
OR1 - OR4 OER Group 


Outputs 101 to 104 each have an individual product 
term to control the output buffer. You use the syntax 
below to program each product term. 


Pin Statement(s) PIN Output_pin_location I/O_pin_name Storage_type 


Equation(s) Output_pin_name.TRST = Boolean expression with one product term 


Example 
PIN 2 I] COMB 
PIN 3 12 COMB 


PIN 8 101 REG 


101.TRST = I1 * /12 


July 1991 


;input, combinatorial 
;input, combinatorial 


31/0, registered 


3101 is individually controlled by (I1 * /I2) 
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Group Product Term 


Example 
PIN 2 

PIN 3 

PIN 15 
PIN 16 
PIN 17 
PIN 18 


PIN 10 


Il COMB 
I2 COMB 
01 REG 
02 REG 
03 REG 
04 REG 
OR1 REG 


GROUP GroupO 01 02 03 04 


GroupO.TRST = Il * /12 
OR1.TRST = 12 ;OR1 to OR4 is controlled by ( I2 ) 


The output buffers for outputs O1 to O4 are controlled 
by one product term, OEO. The output buffers for 
outputs OR1 to OR4 are controlled by another product 
term, OER. To program these groups of product terms, 
write a .TRST equation for any output within a group 
using the syntax shown above. You can also group the 
outputs together and write a .TRST equation for the 
assigned group name using the GROUP statement, or 
write a .TRST equation for an output vector.13 


sinput, combinatorial 
sinput, combinatorial 


;output, registered 
;output, registered 
;output, registered 


;output, registered 


;output, registered 


301 to 04 is controlled by ( I1 * /I2 ) 


13 Refer to VECTOR in Chapter 10, in this section, for details. 
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Multiple Clock The 30816 has four clock controls. Each controls a 
Controls group of registers and can be programmed into a 
summarized in the table below. 
/CLKA 
CLKB 
You can assign a clock to a clock control by writing a 
to assign a group of registers.'4 If you do not assign 


selection of clock signals, as shown in the clock MUX 
CLKB 
OR1 - OR4, CLK2 CLKA (default) 
Q1 - Q4 CLKB 
O1 - O04 
.CLKF equation for any output within the clock bank. 
any clock signal to a bank of registers, the default clock 


macrocell diagram. The clock arrangement is 
IR1 - IR4 CLKO CLKA (default) 
/CLKB 
jor-o4 i cA CLKA 
You can also use the VECTOR or GROUP statements 
signal is used. 


Note: You may only assign the identical clock signal to 
the output registers within a clock bank. 


Syntax 


Pin Statement(s) 
PIN I/O_pin_location I/O0_pin_name Storage_type 


Equation(s) Output_pin_name.CLKF = Clock_signa] 


14 Refer to Chapter 10, in this section, for details. 
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Example 
PIN 1 CLKA ;Clock input 
PIN 4 CLKB sclock input 
PIN 8..9, 19..20 I0[{1..4] ;output vector 
PIN 21..24 IR{1..4] ;output vector 
PIN 10 ~=ORI REG ;output, registered 
I0{1..4].CLKF = CLKB 3101 to 104 registers are controlled by CLKB 
OR1.CLKF = CLKA ;OR1 to OR4 registers are controlled by CLKA 
;if no clock is assigned to outputs IR1 to 
; IR4, by default they are controlled by 
; _CLKA 
Preset/Reset Sum All registers in the 30S16 can be initialized to a pre- 
Term for Initialization defined state under certain conditions. Each flip-flop 
contains a preset and a reset line, only one of which 
can be selected. There are four sum terms. Each sum 
term defines the conditions under which the selected 
set or reset line is activated within a bank of registers 
with the same clock control.!5 While the initialization 
condition must be the same for each flip-flop in a 
register bank, you Can individually program the 
preset/reset sum term to set or reset each flip-flop. 
You Can initialize registers using either state-machine 
language or Boolean equations. The PALASM 
language syntax for both follows. 
15 


See the multiple clock-control feature for the register-bank arrangements. 


ee a TT So A A A 
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Pin Statement(s) 
I/0_pin_location I/O0_pin_name Storage_type 


Buried_node_location Burjied_node_name Storage_type 
Equation(s) for initialization to one 
I/0O_pin_name.SETF = Boolean expression 
Buried_node_name.SETF = Boolean expression 
or 
for initialization to zero 
I/0_pin_name.RSTF = Boolean expression 
Buried_node_name.RSTF = Boolean expression 
Note: The Boolean expression used on the right side of the functional equations must 
use the same sequence of literals and operators for all outputs in the same 
register bank, since all use the same sum term. 


State-Machine Language For a state machine design, follow the steps below to 
initialize a state machine to a known starting state using 
the programmable, asynchronous preset/reset sum 
term for each bank of registers. 


1. Initialize the state machine in the conditions 
segment, by defining the initialization condition as a 
set of input and/or feedback value(s). 


CONDITIONS 
INIT = Boolean expression 


2. Define the starting state and outputs as a function 
of the INIT condition in the Setup and Defaults 
portion of the state segment using the syntax 
below. 


START_UP := Condition -> Desired_state 


or for a Mealy state machine design 
START_UP.OUTF := Condition -> Desired_outputs 


The next example shows initialization to a Known state 
using a state-machine design for a 30S16 device. 


SR NUR a SN PD cA ESA S/T PE SA NO SE SI SS ES RAE SI OA SEE EASES ES IEEE EDIE EA IDES GSES REA IES DEGASSED EEE EEE LEE! LIEBE NE DALLES EDES AEE LAE 
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Example 

PIN 2 Il ;input 

PIN 3 12 ;input 

PIN 5 13 ;input 

PIN 6 14 ;input 

PIN 15 01 REG ;output,registered 
PIN 16 02 REG ;output, registered 
NODE 9 Q1 REG ;buried node 

STATE 


MEALY_MACHINE 

DEFAULT_BRANCH HOLD_STATE 

START_UP := INIT -—> NEXT_STATE 

START_UP.OUTF := INIT -—> 01 * Q2 swhen INIT is true, outputs 01 and 02 will be 
; set to high, while other outputs will be 
: reset to low 

CONDITIONS 

INIT = I1 * I2 * 13 * 14 ;INIT is defined as condition 
; 28 See Yaa © ee 


Boolean Equations You can initialize the registers using Boolean 
equations. Defining the programmable initialization 
function consists of writing a .SSETF or .RSTF functional 
equation to set or reset for each 
flip-flop. The Boolean expression using sum term 
defines the conditions under which initialization occurs. 
The .SETF or .RSTF equation defines the value (set or 
reset) of each flip-flop. If all flip-flops within a bank of 
registers are set or reset to the same value, you can 
write a single equation for an output vector. 16 


16 Refer to Chapter 10, in this section, for details. 
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Syntax 


Pin Statement(s) I/O0_pin_location I/O0_pin_name Storage_type 


Buried_node_location Buried_node_name Storage_type 
Equation(s) 

for initialization to one 

I/O_pin_name .SETF = Boolean expression 

Buried_node_name.SETF = Boolean expression 


or for initialization to zero 
I/O0_pin_name.RSTF = Boolean expression 


Buried_node_name.RSTF = Boolean expression 
Note: The Boolean expression used on the right side of the functional equations 
must use the same sequence of literals and operators for all outputs in the same 
register bank, since all use the same sum term. 


Example 

PIN 2 Tl ;input 

PIN 3 I2 ;input 

PIN 5 I3 ;input 

PIN 6 14 ;input 

PIN 8..9, 19..20 I0[{1..4] REG ;output, registered 

PIN 15..16, 17..18 O[1..4] REG ;output, registered 

NODE 9 Ql REG ;buried node 

I0(1..4].SETF = I1 * I2 * /I14 swhen (I1*I2*/1I4) is true, registers I01 to 

+13 * /I2 ; 104 are set to high 
O[1..2].SETF = I1 * I2 * /14 swhen ((I1*I2*/14)+(1I3*/I2)) is true, 
| ; registers 01 & 02 are set to high 
O[3..4].RSTF = I1 * I2 * /14 sregisters 03 & 04 are set to low under the 
+13 * /I2 ; same condition as 01 and 02 
Q1.RSTF = I1 * 12 sburied register Q1 is set to low when 


; (I1 * I2) is true 
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Macrocells with 
Different 
Configurations 


Programmable Feedback 
Output with Q feedback 

Output with Q and I/O feedback 
Buried register with Q feedback 


Output with Q 


Feedback 
Example 

PIN 2 1 COMB 
PIN 3 12 COMB 
PIN 8 101 COMB 


PIN 15 Ol REG 


—_ 
© 
-— 
”N 
i) 
— 
Ro 


OUTPUT FEEDBACK FEEDBACK REGISTER 
FEEDBACK CONFIGURATIONS REGISTER | MACROCELL | MACROCELL | MACROCELL 


Non-Programmable Feedback 
Registered Output with I/O feedback 


The 30816 has four types of macrocells: output 
register, single-feedback macrocell, dual-feedback 
macrocell, and buried register. Each type of macrocell 
provides a different set of feedback configurations, as 
tabulated below. Allowable configurations are marked 
with an X in the table. 


SINGLE- DUAL- BURIED 


N/A 
N/A 
N/A 


X N/A 
X N/A 
X X 


The single-feedback macrocell in a 30S16 can be 
configured as either a combinatorial or registered 
output with the Q register output feeding back to the 
array. For a combinatorial output, the output and the 
register each have separate logic using separate 
product terms. The output uses active-low logic; the 
buried register uses active-high logic. 


Combinatorial output with a feedback 


;input 

sinput 

;1/0, combinatorial 
;1/0, registered 


;defines I01*s comb output 
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Syntax 


Pin Statement(s) 


Equation(s) 
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7 Output Pin 


30816: Combinatorial Output with Q Feedback in Single-Feedback 
Macrocell 


Combinatorial output with Q feedback 


PIN I/O_pin_location I/O_pin_name COMB 
NODE Buried_node_number Buried_node_name REG 
/T/O_pin_name = Boolean expression 


Buried_node_name.S = Boolean expression 
Buried_node_name.R = Boolean expression 


< Equations using buried_node_name feedback > 


Output Pin 


30S16: Registered Output with Q Feedback in Single-Feedback 
Macrocell 
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Syntax Registered output with Q feedback 


Pin Statement(s) PIN I/O_pin_location I/O_pin_name REG 
NODE Buried_node_number Buried_node_name REG 


Equation(s) I/O_pin_name .S = Boolean expression 
I/O_pin_name .R = Boolean expression 


< Equations using buried_node_name as feedback > 


Example Registered output with Q feedback 

PIN 2 Il COMB ;input, combinatorial 

PIN 3 T2 COMB ;input, combinatorial 

PIN 15 01 REG ;output, registered 

PIN 16 3802 COMB ;Ooutput, combinatorial 

NODE 1 Q01 REG sburied node for register of 01 

01.8 = Il * 12 ;equation for registered output I01, input S 
01.R = /I12 ;equation for registered output I01, input R 
Q01.S = { 01.58 } ;S equation for 01's buried node 

Q01.R = { 01.R } ;R equation for 01's buried node 

/02 = Q02 ;equation using buried Q output, Q01, as feedback 
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Output with Q and 1/O The dual macrocell in a 30S16 can be configured to 

Feedbacks have both the I/O and Q register outputs feeding back 
to the logic array for either combinatorial or registered 
Outputs. The language syntax for such arrangements is 
similar to those described above with just the Q 
feedback except that you can now include both the Q 
and I/O feedbacks in an output equations, as illustrated 
in the example below. 


To 
AND 
Array 


VO Pin 


AND 
Array 


30S16: Combinatorial Output with Q and I/O Feedbacks 


30S16: Registered Output with Q and I/o Feedbacks in Dual- 
Feedback Macrocell 
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Example Combinatorial and registered output with Q and I/O 
Feedback 

PIN 2 el COMB sinput 

PIN 3 12 OMB ;input 

PIN 8 I01 REG 31/0, registered 

PIN 9 102 COMB 31/0, combinatorial 

PIN 19 103 COMB 51/0, combinatorial 

NODE 5 QI01 REG ;buried node for register of I01 

NODE 6 102 REG sburied node for register of [02 

NODE 7 Q103 REG sburied node for register of 103 

101.8 = 12 * [1 ;equation for registered output I01, input S$ 

101.R = /I2 ;equation for registered output I01, input R 

Q102.S = [2 * / Tf1 sequation for buried register of output I02, input $ 

Qi02.R = /I2 * /I1 ;equation for buried register of output I02, input R 

/102 = 12 ;equation for combinatorial output 102 

QI03.S = /I2 * QI02 sequation using buried Q output, QI02, as feedback 

QI03.R = /I2 * / QIOl ;equation using registered Q output, QI0l1,as feedback 

103 = 101 * /I02 s;equation using registered and combinatorial output, 


: I01 and [02 as feedback 


Registered Inputs Inputs IR1 to IR4 can be used as registered D-type or 
combinatorial inputs. The language syntax is shown 
below. 

Syntax 


Pin Statement(s) 
for combinatorial inputs 


PIN Input_pin_location Input_pin_name COMB 
or for registered Inputs 
PIN Input_pin_location Input_pin_name REG 


Note: Combinatorial is the default, which is used when 
ou do not assign a specific storage type. 


11-128 PALASM 4 USER'S MANUAL, SECTION IV, SOFTWARE REFERENCE July 19917 


30$16: PLS30S16 


Example 

PIN 21 IR1 COMB sinput, combinatorial 

PIN 22 IR2 REG ;input, registered 

PIN 23. IR3 ;input, combinatorial 

State Bits The buried registers and all output registers with 


feedback paths to the AND array can be used for state 
bit storage. The register associated with the outputs 
below can be used for state bit storage. 

Q1 to Q4 


O1 to 04 
IO1 to 104 


Note: Do not assign names to the outputs and/or 


buried state registers when you want to assign state 
bits automatically. 
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PIN AND NODE ¢ 24pins 


DESCRIPTIONS ¢ 10 buried nodes 
¢ 1 global preset/reset node 


32VX10 

ee Fa oe Eo 
LOCATION LOCATION DESCRIPTIONS 

1 as = a 


lo/CLK 

li -110 
GND 

11 

lOO — 109 


2-11 
12 


RO — R10 Buried nodes 


GLOBAL 


Global Preset and reset 


BLOCK AND Block and macrocell diagrams follow. 


MACROCELL 
DIAGRAMS 
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I3 [> 


14 CO 
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110 LI 
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_——_ Global. SETF 
s) 
em) NX SS 
| E38 


a za 109 
eee =a 108 
eel <3 107 
ePeo =x 106 


ay ys 83 
earia 235 105 


Programmable AND Array 
(64 x 152) 
ll 


sree zx 104 
seo zx 103 
==Peo <3 102 
ere <3 101 


Poy 838 
ce ie <3 100 


~~ Global. RSTF 


32VX10: Block Diagram Showing Pin and Macrocell Locations 
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Programmable :; 
AND Array = 
Global Preset | _GLOBAL.SETF 
VX Macrocel 


Individual OE : 
Product Term — : : 


Product Term » 5 


Individual MUX 
Product Term 


Individual XOR 
Product Term 


VO Pin 
IOn 
K> 


Global Preset 
Product Term 


32VX10: Macrocell Diagram 


SPECIAL ¢ Bypassable register 
PROGRAMMING ¢ Output with I/O feedback 
FEATURES ¢ Output with /Q feedback 


¢ Output with I/O and /Q feedback 
e Buried /Q feedback 


Bypassable Register In each macrocell, there is a MUX product term 
available to control the dynamic multiplexing between 
the combinatorial and registered output. When the 
product term is asserted, the output register is 
bypassed. To program the MUX product term, use 
the PALASM syntax shown next. 
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Syntax 


Pin Statement(s) 
PIN I/0O_pin_location I/O_pin_name 


Equation(s) I/0_pin_name.CMBF 


for dynamic bypassable register control 
= Boolean expression with one product term 


or for combinatorial output 


= VCC 
or for registered output 
= GND 


Note: The .CMBF functional equation overrides the storage type declaration in the 
pin 


statement. 
Example Dynamic bypassable register control 
PIN 2 Tl sinput 
PIN 3 I2 ;input 
PIN 21 107 ;output 
PIN 22 108 ;output 
PIN 23 109 ;output 
107.CMBF = VCC scombinatoria] output 
I08.CMBF = GND sregistered output 
I09.CMBF = Il * /I2 sdynamic MUX output 


;swhen (I1*/I2) is true, the output register is bypassed 


Output with 1/O Each macrocell can be configured to have either a 

Feedback combinatorial or registered output with the output 
feeding back to the logic array. The language syntax 
for such configuration is shown next. 
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Syntax 


Pin Statement(s) PIN I/O_pin_location 1/0_pin_location Storage_type~ 


Equation(s) 1/0_pin_name™~ = Boolean expression 


<Equation(s) using I/O_pin_name as feedback > 


* The .CMBF equation will override any storage_type declaration in the pin 
Statement. 


** When the output is combinatorial and active high, the XOR function ifs not 
allowed 
in the output equation. 


Qutput Polarity 
Output Configuration Active-high Active-low 
Combinatorial XOR function not used 
Registered 
Example Combinatorial and registered output with I/O feedback 
PIN 2 Il 
PIN 3 12 
PIN 14 100 
PIN 15 101 
PIN 16 102 
PIN 17 103 
I00.CMBF = VCC ;combinatorial output 
I01.CMBF = VCC ;combinatorial output 
100 = [1 * I2 ;XOR not allowed in active-high combinatorial output 
/T01 = I1 :+: 12 ;XOR allowed in active-low combinatorial output 
I02.CMBF = GND ;registered output 
I03.CMBF = GND ;registered output 
I02 = / 12 :+: I1 ;XOR allowed in active-high registered output 


/103 = I2 :+:(/11*I00*/I02) ;XOR allowed in active-low registered output using 
: combinatorial and registered outputs I00 and 
; 102 as feedbacks 
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Output with /Q Feedback Each macrocell can be configured to have either a 
combinatorial or registered output with the /Q output of 
the register feeding back to the logic array. The 
language syntax for this configuration is similar to the 
next configuration, output with /Q and I/O feedbacks. In 
this case only the /Q output and not the I/O is used in 
the output equations. 


Output with I/O and /Q Each macrocell can be configured to have either a 

Feedbacks combinatorial or registered output with both the /Q 
output of the register and the output itself feeding back 
to the logic array. The language syntax for both 
combinatorial and registered outputs is shown 
separately below. 


VO Pin 
1On 
: * ~ 


4 Combinatorial Output 
e 


32VX10: Combinatorial Output with /Q and I/O Feedback Where XOR Function is Available 
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Combinatorial Output 


22VX10: Combinatorial Output with /Q and I/O Feedback Where XOR Function is Not Allowed 


Syntax Combinatorial output with /Q and I/O feedbacks 
Pin Statement(s) PIN I/0O_pin_location I/O_pin_location COMB~ 
NODE Buried_node_location Buried_node_name REG 
. kx 
Equation(s) I/O_pin_name = Boolean expression 


Buried_node_name~ = { I/O_pin_name } 


<Equation(s) using Buried_node_name, or I/O_pin_name, or both as 
feedback(s)> 


* The .CMBF equation will override any storage_type declaration in the pin 
Statement. 


** For combinatorial outputs, only active-high equations are allowed. 
*** For combinatorial outputs, XOR function is only allowed when the output 


equation 
is active high and the Buried_node_name is active low. 


Combinatorial Output Polarity 
Buried_node_name polarity Active-high Active-low 
Active-high Illegal 
Active-low XOR allowed I] ]legal 
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VO Pin 
IOn 
> - = 


< 


4 Registered Output 
e@ 


32VX10: Registered Output with /Q and I/O Feedback Where XOR Function is Available 


VO Pin 

1On 

| - é De -KS 
( Rn 
Buried 


4 


4 Registered Output 
@ 


32VX10: Registered Output with /Q and I/O Feedback Where XOR Function is Not Allowed 
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Syntax Registered output with /Q and I/O feedback 


Pin Statement(s) PIN I/O_pin_location I/0_pin_location REG™ 
NODE Buried_node_location Buried_node_name REG 


Equation(s) I/0_pin_name = Boolean expression 
Buried_node_name = { I/O_pin_name } 


<Equation(s) using Buried_node_name, or I/O_pin_name, or both as 
feedback(s)> 


* The .CMBF equation will override any storage_type declaration in the pin 
statement. 
** For registered outputs, XOR function is only allowed when the Buried_node_name 
7s 

active low. 


Registered Output Polarity 
Buried_node_name polarity Active high Active low 
Active high 
Active low XOR allowed XOR allowed 
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Example 
PIN 2 
PIN 3 
PIN 14 
PIN 15 
PIN 16 
PIN 17 
PIN 18 
NODE 2 
NODE 3 


NODE 4 


11 
I2 
100 
101 
102 
103 
104 
RO 
R1 
R2 


I00.CMBF = VCC 
I01.CMBF = VCC 


100 = I1 * I2 
RO = { 100 } 

/T01 = I1 :+: 
/R1l = { 101 } 


12 


I02.CMBF = GND 
103.CMBF = GND 


102 = / 12 :+: 


/R2 = { 102 } 


Il 


REG 
REG 
REG 


/103 = 12 :+:(/11*100*/R2) 


/R3 = { /103 } 
I04.CMBF = VCC 
104 = 102 * / R1 * R3 
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Combinatorial and registered output with /Q and I/O 
feedbacks 


;input 
;input 


;combinatorial output 

;combinatoria] output 

;XOR not allowed in active-high combinatorial output and 
; active-high buried node, RO 


;XOR allowed in active-high combinatorial output and 
: active-low buried node, Rl 


;registered output 

;registered output 

;XOR allowed in active-high registered output and 
: active-low buried node, R2 


;XOR allowed in active-low registered output using 
: combinatorial output I01 and buried /Q output R2 as 
: feedbacks 


;combinatorial output 


;using combinatorial output I02 and buried /Q outputs Rl 
: and R3 as feedbacks 


CHAPTER 11, DEVICE PROGRAMMING REFERENCE 11-139 


32VX10: PAL32VX10 


Buried \Q Feedback The output macrocell can be configured as a buried 
register with the /Q output feeding back to the logic 
array. The language syntax for this configuration is 
shown below. 


Syntax 


Pin Statement(s) PIN Buried_node_location Buried_node_name REG 


Equation(s) Buried_node_name~ = Boolean expression 


< Equation(s) using Buried_node_name as feedback > 
* _XOR function is only allowed in active-low buried node equations. 


Example Buried /Q output 
PIN 2 Il sinput 

PIN 3 12 sinput 

PIN 16 102 


NODE 2 RO REG 
NODE 3 R1 REG 


RO = I1 * [2 ;XOR not allowed in active-high node equation 


/R1 = I1 :+: 12 sXOR allowed in active-low node equation 
I02.CMBF = GND ;sregistered output 
I02 = I1 * /RO * /R1 ;using buried /Q feedbacks RO and Rl 
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32VX10: Buried /Q Feedback Where XOR Function is Available 


32VX10: Buried /Q Feedback Where XOR Function is Not Allowed 
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PIN AND NODE - 24pins 

DESCRIPTIONS ¢ 16 buried nodes 

610 

Cee [ioe [ites [eee 
LOCATION LOCATION DESCRIPTIONS 

1 CLK1 - — - 

2 I3 - — — 

3-10 lO9 -1016 Buried feedback 


CLK2 
[2 


Buried feedback 


BLOCK AND Block and macrocell diagrams follow. 
MACROCELL 
DIAGRAMS 
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610: Block Diagram Showing Pin and Node Locations 
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D Register 


ere 
ote! 
on 


Programmable ., 
AND Array : 


Individual CLK/OE S 
Product Term 


Clock Input 
CLK1/CLK2 


Individual Reset 
Product Term 


610: D Flip-Flop Macrocell Diagram 
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T Register 


Programmable .. 
AND Array : 


Individual CLK/OE 


Product Term > 


Clock Input 
CLK1/CLK2 


Individual Reset 
Product Term 


610: T Flip-Flop Macrocell Diagram 
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Programmable 
AND Array 


Individual CLK/OE _~ 
Product Term = 


Clock Input 
CLK1/CLK2 


VO Pin 
IOn 


Individual Reset 
Product Term 


610: JK Flip-Flop Macrocell Diagram 
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610: PALCE610 
Programmable % z 
AND Array = ES 


Individual CLK/OE 
Product Term 


Clock Input 
CLK1/CLK2 


VO Pin 
IOn 


Individual Reset 
Product Term 


610: SR Flip-Flop Macrocell Diagram 
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SPECIAL * Clock and output-enable product term control 
PROGRAMMING * Register configurations 
FEATURES - Macrocells with different configurations 


¢ Output with I/O feedback 
¢ Output with Q feedback 
¢ Buried register with Q feedback 


Clock and Output- Each macrocell can select as its clock either the 
Enable Product Term corresponding clock pin or the CLK/OE product term. If 
Control the clock pin is selected, the output enable is controlled 


by the CLK/OE product term. If the CLK/OE product 
term is selected to control the clock, the output is 
always enabled. 


To select the CLK/OE product for the clock control, 
simply write the .CLKF equation for the corresponding 
output. To select the CLK/OE product term for output- 


enable control, write the .TRST equation instead. The 
syntax for both cases is shown next. 


Syntax 
Pin Statement(s) PIN Output_pin_location Output_pin_name Storage_type 


Equation(s) for clock control 
Output_pin_name.CLKF = Boolean expression with one product term 


or for output-enable control 


. Output_pin_name.TRST = Boolean expression with one product term 
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The table below summarizes how the PALASM 4 
software interprets the .CLKF and .TRST equations 
when there is a conflict. For example, in case 3 for the 
same output, if the .CLKF equation exits and the .TRST 
equation also exits and is equal to VCC, then the clock 
is controlled by the CLK/OE product term, and the 
output enable is connected directly to VCC. 


.CLKF ~TRST PALASM software's interpretation 
Equation Equation 
Case l Exists = clock controlled by CLK/OE product term 
output 
enable is enabled by VCC 
Case 2 = Exists clock controlled by external clock pin output 
enable is controlled by CLK/OE product’ term 
Case 3 Exists Exists and clock controlled by CLK/OE product term; 
= VCC Output enable is enabled by VCC 
Case 4 Exists Exists and ERROR 
not = VCC 
Example 1 Using CLK/OE product term to control clock 
PIN 2 13 ;input 
PIN 11 14 ;input 
PIN 3 T09 = =REG ;output, registered 
I09.CLKF = I3 * /I4 ;clock of I09's register is controlled by the product term 
; (I13*/14) 
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Example 2 Using CLK/OE product term to control output enable 
PIN 2 13 ;input 


PIN ll 14 sinput 


PIN 3 I09 REG 


I09.TRST = 13 * /14 ;output enable of I09's output buffer is controlled by 


;output, registered 


; roduct term (I3*/14) 


Register Each register in a 610 can be configured as one of four 


Configurations 


Syntax 


Pin Statement(s) 


PIN I/O_pin_number 


Equation(s) for D flip-flop 

I/0_pin_name* = 

or for T flip-flop 
1/O_pin_name.T* = 

or for JK flip-flop 
I/O_pin_name.J* = 
I/O_pin_name.K* = 

or for SR flip-flop 
I/O_pin_name.R* = 


types of registers with programmable polarity. 


D flip-flop 
T flip-flop 
JK flip-flop 
RS flip-flop 


I/0_pin_name 


Boolean 


Boolean 


Boolean 
Boolean 


Boolean 


expression 


expression 


expression 
expression 


expression 


I/O_pin_name.S* = Boolean expression 
* _I/0_pin_name can be active high or active low. 
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Example Register configurations 

PIN 23 Il sinput 

PIN 14 12 sinput 

PIN 3 109 REG ;Output, registered 

PIN 4 1010 REG ;Output, registered 

PIN 5 1011 REG ;output, registered 

PIN 6 1012 REG ;output, registered 

/T09 = 11 ;output equation, D FF, active low 

1010.T = 12 ;output equation, T FF, active high 

/1011.S = I1 * /T2 ;Output equation, S input of SRFF, active low 
I011.R = /Tl ;output equation, R input of SRFF, active high 
/1012.J = I1 * /I2 ;output equation, J input of JKFF, active low 
/1012.K = /I1 ;output equation, K input of JKFF, active high 
Macrocells with The 610 output macrocell can be configured as one of 
Different the following types of output. 
Configurations 


¢ Combinatorial 
¢« D registered 
¢  T registered 
e JK registered 
e R&S registered 


Each type of output provides a different set of feedback 
configurations, as tabulated next. Allowable 
configurations are marked with an X in the table. 
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[FEEDBACK CONFIGURATIONS |, <Compinaroriaa_ | =D | = T | JK | ORS 


Programmable Feedback 
Output with I/O feedback 
Combinatorial 


Registered 

Output with /Q feedback 
Registered 

Buried register with /Q feedback 


Output with I/O lf an output is programmed as combinatorial, it can be 

Feedback used as a feedback. If an output is programmed as 
registered, it can be used as a feedback only if the 
register is configured as either a Dor T flip-flop. It is 
illegal to use the output as a feedback if the output is 
configured to be either a JK or SR flip-flop. 


To use the output as an |/O with a feedback, just use 
the I/O pin name for the required output equation, no 
special language syntax is required. 


Output with Q The output macrocell can be configured as a registered 

Feedback output with the Q output of the register available as a 
feedback. If the output is configured as combinatorial, 
the Q feedback is not allowed. 


To use the Q output of the register as a feedback while 
also using the register as an output, you must first write 
a transfer equation for the buried node then use the 
buried node name in the required equation, as shown 
next. 
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Syntax 


Pin Statement(s) PIN I/0_pin_location I/0_pin_name REG 


NODE Buried_node_location Buried_node_name REG 


Equation(s) for D flip-flop 
I/O0_pin_name* Boolean expression 
Buried_node_name** = { I/0_pin_name*** } 
or for T flip-flop 
I/O_pin_name.T* Boolean expression 
Buried_node_name.T** = { I/0_pin_name*** } 
or for JK flip-flop 
1/O0_pin_name.J* Boolean expression 
I/0_pin_name. K* = Boolean expression 
Buried_node_name.J** { I/0_pin_name*** } 
Buried_node_name.K** = { I/O0_pin_name*** } 
or for SR flip-flop 
I/0_pin_name. R* = Boolean expression 
I/O0_pin_name.S* Boolean expression 
Buried_node_name.R** = { I/O0_pin_name*** } 
Buried_node_name.S** = { I/O_pin_name*** } 


< Equation(s) using Buried_node_name as feedback > 
I/O_pin_name can be active high or active low. 
Buried_node_name must be the same polarity as the [/O_pin_name defined in the 
output equation. 
*** = [/O_pin_name inside curly bracket must be the same polarity as the I/O0O_pin_name 


defined in the output equation. 
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Example Registered output with Q feedback 

PIN 23. =o COMB ;input 

PIN 14 12 COMB) ;input 

PIN 22 101 REG 31/0, registered 

NODE 16 =Ril ;buried node 

/101.R = /I1 * [2 ;equation for R input of register I01 with active-—low 
; input 

101.8 = /I1 * I2 ;equation for S input of register I01 with active-high 
; input 

/R1.R = {/101.R} ;buried node has same polarity as I01.R 

R1.S = { I01.S} ;buried node has same polarity as I01.S 

102.7 = I2* / JI1*Rl ;equation for T input 102 with Rl as feedback 

Buried Register with The register in the output macrocell can be configured 

Q Feedback as a buried register. To use the Q output of the buried 


register as a feedback, just write an equation for the 
buried node and use the buried node name in the 
required equation, shown next. 


Syntax 


Pin Statement(s) NODE Buried_node_location Buried_node_name REG 
Equation(s) for D flip-flop 
Buried_node_name.D* = Boolean expression 
or for T flip-flop 
Buried_node_name.T* 
or for JK flip-flop 
Buried_node_name.J* = Boolean expression 
Buried_node_name. K* Boolean expression 
or for SR flip-flop 
Buried_node_name. R* Boolean expression 
Buried_node_name.S* = Boolean expression 


Boolean expression 


< Egquation(s) using Buried_node_name as feedback > 


* Buried_node_name can be active-high or active—low 
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Example Buried register with Q feedback 
PIN 23 Il COMB sinput 
PIN 14 «=[2 COMB ;input 
PIN 21 102 COMB sOutput, combinatorial 
NODE 16 R1 REG sburied node of buried register 
/Rl.J = /T2 * 1 ;equation for J input of register I01 
/R1.K = I2 * 102 ;equation for K input of register I01 
102 = I[2* / I1*Rl ;equation for [02 with Rl as feedback 


July 1991 


CHAPTER 11, DEVICE PROGRAMMING REFERENCE 


11-155 


11.5 MACH 1 
AND MACH 2 
SERIES DEVICES 


11.5.1 OVERVIEW 


11.5.1.1 Device 
Features 


This topic provides device and language information 
related to programming the MACH 1 and 2 series 
devices. 


e The overview, 11.5.1, introduces the features. 


« The discussion on sample equations, 11.5.2, 
provides examples of how to use the PALASM 
language syntax to configure macrocells. 


Important: Unless otherwise stated, all discussions in 
this chapter pertain to all MACH 1 and 2 series devices. 


Note: The term MACH 1 series refers to the MACH 
110, 120, and 130 devices. The term MACH 2 series 
refers to the MACH 210, 220, and 230 devices. 


This overview includes three discussions. 


e 11.5.1.1, Device Features 
e 11.5.1.2, Pin and Node Descriptions 
¢ 11.5.1.3, PALASM Programming Features 


The MACH 1 and 2 series devices are similar; however, 
the MACH 2 devices are larger and contain both output 
and buried macrocells.17 


¢ MACH 1 series devices are generally best suited 
for I/O-intensive designs. 


¢ MACH 2 series devices are generally best suited 
for logic-intensive designs. 


17 Refer to the AMD High Density EE CMOS Programmable Logic MACH™ Devices Data Book for 


details about each device. 
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11.5 MACH 1 AND This topic provides device and language information 
MACH 2 SERIES related to programming the MACH 1 and 2 series 
DEVICES devices. 


« The overview, 11.5.1, introduces the features. 


¢ The discussion on sample equations, 11.5.2, 
provides examples of how to use the PALASM 
language syntax to configure macrocells. 


Important: Unless otherwise stated, all discussions in 
this chapter pertain to all MACH 1 and 2 series devices. 


Note: The term MACH 1 series refers to the MACH 
110, 120, and 130 devices. The term MACH 2 series 
refers to the MACH 210, 215, 220, and 230 devices. 


11.5.1 OVERVIEW This overview includes three discussions. 


¢ 11.5.1.1, Device Features 
e 11.5.1.2, Pin and Node Descriptions 
¢ 11.5.1.3, PALASM Programming Features 


11.5.1.1 Device The MACH 1 and 2 series devices are similar; however, 
Features the MACH 2 devices are larger and contain both output 
and buried macrocells.! 7 


¢ MACH 1 series devices are generally best suited 
for 1/O-intensive designs. 


¢ MACH 2 series devices are generally best suited 
for logic-intensive designs. 


¢ The MACH215 is an ayschronous device. 


17 Refer to the AMD High Density EE CMOS Programmable Logic MACH™ Devices Data Book for 
details about each device. 
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This difference in architecture also affects product-term 
steering. 18 


The following table summarizes the I/O, block, and 
macrocell features of each device. 


FEATURE 110 


Input Pins 
Clocks/Input Pins 


Input/Output Pins 
Blocks 
Output Macrocells 


Buried Macrocells 


* The MACH215 has dedicated clock pins. All other 
input and I/O pins can drive PT clocks. 


** The MACH215 buried macrocells are available for 
input register use only. 


11.5.1.2 Pin and Node You can specify the pin or node location of a signal in 
Descriptions the design file.19 Following discussions provide 
illustrations of available pins and nodes for each device. 


11.5.1.3  PALASM Discussions below illustrate the PALASM programming 
Programming Features features for the MACH 1 and 2 series devices, and are 
divided as follows. 


¢ Fixing Pin and Node Locations 
¢ Pairing Pins and Nodes 
¢« Steering Product Terms 


18 Refer to the discussion on steering product terms, in this chapter, for more information. 


19 Refer to Section II, Chapter 4, for details about the various cesign-entry methods supported for 
MACH-device designs. Also, refer to Chapter 10, in this section, for details about MACH-specific 
syntax. 
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¢ Steering Product Terms 

¢ Splitting Functions 

¢ Programming Flip-Flop Types 

¢ Optimizing with D- or T-Type Flip-Flops 
¢ Defining Preset and Reset 

¢ Defining Clock Pins 

¢ Defining Output Enable 


Fixing Pin and Node You can assign fixed pin and node locations or leave 
Locations them floating. 


¢ You float a pin or node by placing a question mark, 
?, in the location field of a pin or node statement, as 


shown below. 
PIN ? <pin name> 
NODE ? <node name> 


¢ Or, you can force all locations to float using the 
corresponding command on the MACH Fitting 
Options form. 


Each floating pin and node is assigned a location during 
compilation and fitting. The location is based on 
optimal use of the device. 


Recommendation: It is best to float all pin and node 
locations. 


Also: If you float some locations and fix others, a no-fit 
situation may occur. Consider whether your design is 
close to the device-resource limit. If it is, you may have 
to sacrifice fixed assignments to fit the design in the 
device. 


¢ You assign a fixed pin or node location by | 
specifying a number in the location field of a pin or 
node statement using the following syntax. 


PIN 3 <pin name> 
NODE 2 <node name> 
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Pairing Pins and Nodes 


Important: Fixed locations may limit available 
resources, which affects both product-term steering 
and gate splitting.2° 


The group statement allows you to assign pins and 
nodes to a specific block. However, the only way to 
preserve the order is to assign fixed locations. The 
following example assigns three pins and three 
nodes to block A of a MACH device, using the 
reserved word MACH_SEG_A as a group name.21 


GROUP MACH_SEG_A IO0 IO1 IO2 AO Al A2 


You can use the optional Pair attribute in a pin or node 
statement to direct input or output pairing manually.22 
Pairing can save resources when pins and nodes are 
left floating. If a node and a pin have the same 
equation, pairing them eliminates the need to generate 
the same equation twice. 


¢ Input pairing includes the Pair attribute in a pin 
statement to associate an input pin with a node 
logically. 


Input pairing can only be implemented in MACH 2 
series devices since they have buried macrocells. 


¢ Output pairing includes the Pair attribute in a node 
statement to associate a node with an output pin 
logically. 


Output pairing can be implemented in all MACH 
devices. 


20 Refer to discussions on steering product terms and splitting gates, in this chapter, and to 
Section Il, Chapter 5, for more information. 


21 Refer to Chapter 10, in this section, for details about the group name MACH_SEG_ block. 


22 Refer to Chapter 10, in this section, for information on input and output pairing. 
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The keywords OPAIR and IPAIR are also valid and 
denote output and input pairing, respectively. To 
enable manual pairing, enter the letter N beside the 
Use automatic pin/node pairing field of the Logic 
Synthesis Options form. 


Recommendation: Use the default setting that allows 
the software to establish pairs automatically. 


Steering Product Terms Four product terms are available to each macrocell. 
Product-term steering is an automatic software process 
that borrows additional terms from unused adjacent 
macrocells. 


Note: Product terms can be borrowed only in groups of 


four, so an equation that requires five product terms 
actually consumes two groups of four. 


In MACH 1 series designs, up to eight product terms 
can be borrowed from adjacent macrocells for a total of 
12. Four product terms can be borrowed from the 
adjacent macrocells above and below. However, the 
end macrocells in a block are limited to four borrowed 
product terms. For a MACH 110 device, an end 
macrocell occurs at the boundary of each bank of eight 
cells. For example, for block A, the nodes 2, 9, 10, and 
17 originate in end macrocells. For a MACH 130 
device, an end macro cell occurs at the end of each 
block of 16 cells. For example, nodes 2 and 17 
Originate in end macrocells. 


In MACH 2 series designs, up to 12 product terms can 
be borrowed from adjacent macrocells for a total of 16. 
Four product terms can be borrowed from the one 
adjacent macrocell above and eight from the two 
adjacent macrocells below. However, the end 
macrocells in a block are limited to four or eight 
borrowed product terms, depending on whether it is at 
the bottom or top of the block, respectively. Fora 
MACH 210 device, an end macrocell occurs at the 
boundary of each block of 16 macrocells. For example, 
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for block A, the nodes 2 and 17 originate in end 
macrocells. 


Note: Product-term steering does not result in addi- 
tional delays in the signal path. 


Reminder: In product-term steering, the first and last 
macrocells of a block cannot use product terms from 
the first or last macrocell of an adjacent block. 


The figure below illustrates full product-term steering for 
a MACH 1 series device. 
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MACH 1 Series Full PT Steering 


The next figure shows an example of full product-term 

steering for a MACH 2 series device. In this case, four 
product terms are borrowed from the macrocell above 

and four each from the two macrocells below. 
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Each loop back through the array results in an 
additional level of delay in the signal path. 


By default, the fitting process first attempts product- 
term steering. If this cannot be accomplished, gate 
splitting is used. 


You enable automatic gate splitting by entering a Y in 
the Use automatic gate splitting field and defining the 
Cluster size in the Max= field of the Logic Synthesis 
Options form. 


Simulation shows no difference between product-term 
steering and gate splitting in waveform or trace files; it 
does not show propagation delays or gate widths.2° 


The next figure illustrates a design with 16 product 
terms implemented with automatic gate splitting 
enabled and a maximum cluster size of four. 


23 Refer to Section Il, Chapter 6, for details about simulation. 
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Gate Splitting For MACH 110 


Pin Declaration Segment 


PIN ? A INPUT 
PIN ? B sINPUT 
PIN ? C sINPUT 
PIN ? D sINPUT 
PIN 7 E sINPUT 
PIN ? OUT ;OQUTPUT 


Equation Segment 
OUT =A:+:B:+:C:+:D:t:£ 


After automatic gate splitting, equations are generated 
for the exclusive-OR function, as shown next. You can 
view these equations by compiling the design, 
disassembling the intermediate file, and then viewing 
the <design>.pi2 file. 
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Programming Flip-Flop 
Types 


Optimizing with D- or 
T-Type Flip-flops 


Equation Segment 


OUT IAZ B* fee D*E 
IA*B*C*/D*E 
JA*B*C*D*/E 
A*B*CtD*E 
_NODEO 

_NODE1 

_NODE2 
A*B*C*/D*/E 
A*B*/C* D*/E 
A*B*/C*/D*E 
A* /B*C*D*/E 
A*/B*C*/D*E 
A*/B*j/C*D* E 
A* /B*/C*/D* /E 
IA*/B*C*D*E 
/A*/B*C*/D*/E 
/A*/B*/C*/D*E 
/A* /B* /C* D* /E 
/A*B* /C*/D*/E 


_NODEO 


_NODE}1 


_NODE2 


++ eit t+ttutttu+t+ttteti 


Output macrocells are individually defined as either 
combinatorial, latched,24 or registered by using the 
optional storage attribute in a pin or node statement. 


If you specify registered output, the flip-flop can be 
programmed as either a D-type or T-type. D-type is 
the default. The syntax for both types is shown below. 


IO1 == Boolean expression ;D-type is default 
IO1.T = Boolean expression ;T-type is specified 


The software can determine whether the design could 
be implemented more efficiently using one type flip-flop 
over the other. To accomplish this, you specify the 
following on the Logic Synthesis Options form. 


Optimize registers for D/T type Best type for device 
The software compares the minimized results of a 


D-type and T-type implementation. The result with the 
lowest resource usage is chosen for each equation. 


24 Macrocell latch has an active-low latch enable input. 
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Important: You can also specify the flip-flop type in an 
equation. However, the Optimize registers for D/T-type 
option overrides the design file specifications. This 
option allows you to use the type(s) specified in the 
design file, change all to D, change all to T, or use the 
best type for the device. 


Defining Preset and Each block in a MACH device has a single asyn- 

Reset chronous set and reset line. You can enable each 
preset and reset at the macrocell level using a .SETF or 
.RSTF equation. For flip-flop and latch2> 
configurations, both set and reset definitions must be 
provided to clear the “No Set/Reset initialization 
function found!” warning in the report file. 


Note: MACH devices provide programmable polarity 
between the macrocell output and the pin. If you select 


the Ensure polarity after minimization is Best For 
Device option on the Logic Synthesis Options form, the 
ic polarity at the pin may be inverted. 


To assign a preset or reset signal to the entire device, 
use node 1 to define the global asynchronous preset 
and reset product terms. In this case, you can assign a 
descriptive name, such as GLOBAL, to node 1, then 
write either the desired preset or reset equation using 
the following general form. 


Important: You must specify node 1 in the pin dec- 
larations segment if you use the global set or reset 

features. When back annotating, make sure the global 
| node has not been converted to floating. 


Recommendation: Keep set/reset functions simple. 
Each input for these functions uses an array input that 
would otherwise be available for other logic. 


25 This applies to MACH 2 series latches with active-low latch inputs only. 
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Preset 


NODE 1 GLOBAL 
GLOBAL.SETF = <preset equation> 


Reset 
NODE 1 GLOBAL 
GLOBAL.RSTF = <reset equation> 


The example below initializes all registers to 1, high, 
when inputs I1 = 1, 12 = 0, and I3 = 1, for positive 
polarity in the pin and equation declaration segments. 


GLOBAL.SETF = Il * 2 * 13 
The preset and reset functions are asynchronous; 


therefore, the registers are initialized independent of the 
Clock. 


Defining Clock Pins The following table summarizes the clock pins available 
for each MACH device. 


MACH 110 AND 210 MACH 120 AND 220 MACH 130 AND 230 


CLKO, pin 13 CLKO, pin 15 CLKO, pin 20 


CLK1, pin 35" CLK1, pin 17 CLK1, pin 23 
CLK2, pin 49 CLK2, pin 62 
CLK3, pin 50. CLK3, pin 65" 


* Default clock if you do not specify a clock pin 


Defining Output Enable Each I/O cell has a three-state buffer that can be 


¢ permanently enabled, or 
¢* permanently disabled, or 
e controlled by a product term. 


The following output-enable equation examples show 
the three types of output enables. 


Permanently Enabled 
<pin name>.TRST =VCC ; 


July 1991 CHAPTER 11, DEVICE PROGRAMMING REFERENCE 11-167 


Preset 


NODE 1 GLOBAL 
GLOBAL.SETF = <preset equation> 


Reset 
NODE 1 GLOBAL 
GLOBAL.RSTF = <reset equation> 


The example below initializes all registers to 1, high, 
when inputs I1 = 1, 12 = 0, and I3 = 1, for positive 
polarity in the pin and equation declaration segments. 


GLOBAL.SETF = I1 * 12 * 3 
The preset and reset functions are asynchronous; 


therefore, the registers are initialized independent of the 
Clock. 


Defining Clock Pins The following table summarizes the clock pins available 
for each MACH device. 


MACH 110 AND 210 MACH215 MACH 120 AND 220 MACH 130 AND 230 


CLKO, pin 13 CLKO, pin 13* CLKO, pin 15 CLKO, pin 20 


CLK1, pin 35* CLK1, pin 35 CLK1, pin 17 CLK1, pin 23 
CLk2, pin 49 CLK2, pin 62 
CLK3, pin 50° CLK3, pin 65— 


* Default clock if you do not specify a clock pin 


Defining Output Enable Each I/O cell has a three-state buffer that can be 


¢ permanently enabled, or 
¢ permanently disabled, or 
¢ controlled by a product term. 


The following output-enable equation examples show 
the three types of output enables. 


Permanently Enabled 


<pin name>. TRST =VCC ; 


TD 
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A2 
Logic 


Allocator 
VO 
Macrocell Cell 


taoaat }-* 


MACH Resource Organization 


11.5.2.1 I/O Cell and You can choose one of the following types of 
Macrocell configurations for a pin, output macrocell node, or 
buried macrocell node. 


¢« Combinatorial 

¢ Latched (active-low latch input) 
¢ D-registered 

e«  T-registered 


You specify combinatorial, latched, or registered in the 
pin declaration segment of the design file, as follows. 


PIN DECLARATION SEGMENT 


Pin 4 102 COMBINATORIAL 
Node 5 A3 REGISTERED 
Pin 5 103. LATCHED 


For registered nodes and pins, you must also specify 
the type of register in the equations segment of the 
design file, as follows. 


ee TIS TT SS 2 9S GS TT I CT a ST EE IE 
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A2 


g 
Allocator VO 


[ecocet js 


MACH Resource Organization 


11.5.2.1. I/O Cell and You can choose one of the following types of 
Macrocell configurations for a pin, output macrocell node, or 
buried macrocell node. 


¢ Combinatorial 

¢ Latched (active-low latch input) 
e D-registered 

¢«  T-registered 


You specify combinatorial, latched, or registered in the 
pin declaration segment of the design file, as follows. 


PIN DECLARATION SEGMENT 


Pin 4 I02 REGISTERED 
Node R) A3 REGISTERED 
Pin R) 103. LATCHED 


For registered nodes and pins, you must also specify 
the type of register in the equations segment of the 
design file, as follows. 
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EQUATIONS SEGMENT 


102 =11 *12*B ;D-type, active high 
102.D = [1 * 12 * 13 ;D-type, active high 
102.T =11 *12*B ;I-type, active high 


Note: For a T-registered signal, you must use the .T 
suffix in string definitions. For example: 


11.5.2.2 Pin and Node A MACH device allows you to specify feedback from a 

Feedback pin or anode. The following examples illustrate 
equations for I/O pin, output macrocell, and buried 
macrocell feedback. 


Important: Since the MACH device emulates 22V10 
behavior, feedback is normally taken from the register 
instead of the I/O pin, unless you specify otherwise. To 
realize pin feedback for a registered or latched output, 
you must specify an equation for the associated node, 
even if you do not use the node in the design. If you do 
not define the node, the configuration will default to 
feedback from the node. However, this is not true if the 
output pin is IPAlRed, in which case feedback defaults 
to I/O pin feedback, without the necessity of writing a 
dummy equation. 


To realize pin feedback for a combinatorial output, you 
do not need to specify a node equation. 


/O Pin Feedback The examples below are divided into two categories: 
combinatorial and registered, or latched outputs. 


Combinatorial Output 
101 =11 *102* B feedback from pin IO2 


Registered or Latched Outputs 


PIN DECLARATION SEGMENT 


i 
May 1992 CHAPTER 11, DEVICE PROGRAMMING REFERENCE 11-171 


Pin ? IO1 REG 


Node 2? A4 PAIR 101 REG 

EQUATIONS SEGMENT 

IOl = Ii *102 * 3 feedback from pin IO2 

A4 = 1 *102*B smandatory node eqn. 
Node Feedback You specify feedback from an output macrocell or 


buried macrocell node as shown below. 


Output Macrocell Node 


101 =11 * A2*13 feedback from output macrocell 
-node A2 


Buried Macrocell Node 


IO1 =I1 * A3 * [3 ‘feedback from buried macrocell 
‘node A32/ 
11.5.2.3 Registered The following examples illustrate equations for latched 
and Latched Inputs and registered inputs.28 


Registered Inputs 


PIN DECLARATION SEGMENT 


Pin 33s «4 PAIR A3 
Node 5 A3 REGISTERED 


EQUATION SEGMENT 
A3 = 14 ;D-type registered input 


Note: T-type registered inputs are not supported. 


Latched inputs (active-low latch input) 


PIN DECLARATION SEGMENT 


27 This applies to MACH 2 series devices only. 


28 This applies to MACH 2 series devices only. 
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Pin 33 4 PAIR A3 


Node 5 A3 LATCHED 
EQUATION SEGMENT 
A3 = 14 slatched input 
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MACH 110 DEVICE An illustration of the MACH 110 node numbers and cell 
names is shown next. Each I/O pin in the device has 
an associated node, designated by a number. For 
example, pin 2 corresponds to node 2. You use these 
numbers to fix pin and node locations in the pin 
declaration segment of the design file. 


Important: Pin and cell names have been assigned 
for reference purposes and reflect functionality when 
appropriate. You can assign your own names in the pin 
declaration segment of the design file. 


ana 
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MACH 110 DEVICE 


Pin Names 


Node Numbers : 
Pin Numbers 


Cell Names 


4 


1027 
Node 1 = Global .RSTF and .SETF Control 1026 
1025 
1024 
CLK1AS 


Block A MACH 110 Block B 


Al4 Al5 
16 


MACH 110 Node Numbers and Cell Names 


a 
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MACH 110 DEVICE 


The logic for a MACH 110 output macrocell and I/O cell 
is shown next. 


Output Macrocell VO Cell 


Res SSeS SSS SSS SSS A SSC RE 
°, oe 
be) s 
e 
°° 
eo 
oe 
»e 
= GND 
., 
oe x 
ie e Vcc 
oes 
Output Enable 1 # 
= 


Output Enable 2 = 


Asynchronous Preset # 


From Logic Allocator 


one 
id 
bee 


Asynchronous Reset # 


To Switch Matrix ® 
To Switch Matrix # 


MACH 110 Output Macrocell and I/O Cell 


eR a TS ES 
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MACH 110 DEVICE 


The output of the macrocell can be combinatorial, 
D flip-flop, or T flip-flop. You define the configuration in 
the pin declaration or equation segment of the design. 


Note: For MACH 1 series devices, latches are 
implemented as combinatorial functions. MACH 2 

series devices have resources that allow latches with 
active-low latch inputs to be configured directly. 


neers SSS 
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MACH 120 DEVICE An illustration of the MACH 120 node numbers and cell 
names is shown next. Each I/O pin of the device has 
an associated node, designated by a number. For 
example, pin 2 corresponds to node 2. You use these 
numbers to fix pin and node locations in the pin 
declaration segment of the design file. 


Important: Pin and cell names have been assigned 
for reference purposes and reflect functionality.when 
appropriate. You Can assign your own names in the pin 
declaration segment of the design file. 


ee ee 
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MACH 120 DEVICE 


a) 
Node Numbers & —— Pin Names 


Cell Names 64 63 62 61 ——— Pin Numbers 


40 41 42 43 
D2 D3 D4 DS 
107 
IO8 
IO9 Block A Block D 


1010 Node 1 = Global .RSTF and .SETF Control 
1011 


CLKOo/10 
cLKim [ie 7 
12 GND 
VCC VCC 
GND MACH 120 16 
3 CLK3/15 
1012 CLK2/14 
1013 1035 
1014 1034 
1015 1033 
1016 Block C 1032 
1017 1031 


C1 C2 C3 C4 CS 
27 28 29 30 31 


MACH 120 Node Numbers and Cell Names 


nner 
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MACH 120 DEVICE 


The logic for a MACH 120 output macrocell and I/O cell 
is shown next. 


Output Macrocell 


27h a? 
Ct) 
oP ate! 


SSO RRR SR RMR MARR RRR MRR RRR ERR 


Output Enable 1 
Output Enable 2 


see ‘SD REESOC T R OCR AIR 
oe 
bd 


"2, 
eS 


Asynchronous Preset 


CO) HOGS 


From Logic Allocator : 


CLK1 § 


CLK3 


IOs IIS teat 


Asynchronous Reset # 


To Switch Matrix : 


To Switch Matrix # 


MACH 120 Output Macrocell and I/O Cell 
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MACH 120 DEVICE 


The output of the macrocell can be combinatorial, 
D flip-flop or T flip-flop. You define the configuration in 
the pin declaration or equation segment of the design. 


Note: For MACH 1 series devices, latches are 
implemented as combinatorial functions. MACH 2 

series devices have resources that allow latches with 
active-low latch inputs to be configured directly. 


LE 
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May 1992 


MACH 130 DEVICE An illustration of the MACH 130 node numbers and cell 
names is shown next. Each I/O pin of the device has 
an associated node, designated by a number. For 
example, pin 3 corresponds to node 2. You use these 
numbers to fix pin and node locations in the pin 
declaration segment of the design file. 


Important: Pin and cell names have been assigned 
for reference purposes, and reflect functionality when 

appropriate. You can assign your own names in the pin 
declaration segment of the design file. 


een I nS Sn 
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Node Numbers 


Cell Names 


108 
IO9 
1010 
1011 
IO12 
1013 
1014 
1015 
CLKO/10 
vcc 
GND 
CLK1/11 
1016 
1017 
1018 
1019 
1020 
1021 
1022 
1023 
GND 


MACH 130 DEVICE 


— Pin Names 


76 — Pin Numbers 


DO D1 D2 D3 


Block D 
Node 1 = Global .RSTF and .SETF Control 


MACH 130 


Block C 


C2 C3 C4 C5 C6 
39 40 


MACH 130 Node Numbers and Cell Names 
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GND 
IOSS 
1054 
1053 
IO52 
1051 

1050 
1049 
1048 


CLK3/14 


GND 
VCC 


CLK2/13 


1047 
1046 
1045 
1044 
1043 
1042 
1041 
1040 
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MACH 130 DEVICE 


The logic for a MACH 130 output macrocell and I/O cell 
is shown next. 


Output Macrocell VO Cell 


BOSS SSS SSS ICSE SRR SE RSS SOR RR RS ECS RS OSS 
ae 


Os 


GND 
Vcc 


Resear soe Seen Sc OA rR 
EOS 


Output Enable 1 
Output Enable 2 


0 EE ETI RR TG 
ORG SANS 


Asynchronous Preset 


From Logic Allocator : 


ate rare' 
mene? 


aye with ere 
sarereteteteteteteteeaterer 


CLK0 
CLK1 


SED SNe 


cca 


CLK3 


Sa ee eo RS USSG ea RSS Uc 


Asynchronous Reset 


sae aaRSc SSeS cst srs 
a, 


To Switch Matrix # 


To Switch Matrix : 


MACH 130 Output Macrocell and I/O Cell 


PRL aS AAI OI IS DA TOIT REE SLOG EF SIL IAT SAE GE CIT TTT STS TE ES EI TD SETTERS ED TS IE BT EET LENE NS EEE PETA A BT ET EOE DTT NE IE NT TCE EE PETIA 
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MACH 130 DEVICE 


The output of the macrocell can be combinatorial, 
D flip-flop, or T flip-flop. You define the configuration in 
the pin declaration or equation segment of the design. 


Note: For MACH 1 series devices, latches are 
implemented as combinatorial functions. MACH 2 

series devices have resources that allow latches with 
active-low latch inputs to be configured directly. 


ALS 
May 1992 CHAPTER 11, DEVICE PROGRAMMING REFERENCE 11-185 


MACH 210 DEVICE An illustration of the MACH 210 node numbers and cell 
names is shown next. Each I/O pin in the device has 
an associated node, designated by a number. For 
example, pin 2 corresponds to node 2. For the 
MACH 2 series devices, there is also a buried node 
associated with each I/O pin. The signals at these 
buried nodes do not go to the pin. For example, node 3 
is associated with pin 2. You use these numbers to fix 
pin and node locations in the pin declaration segment of 
the design file. 


Important: Pin and cell names have been assigned 
for reference purposes and reflect functionality when 
appropriate. You can assign your own names in the pin 
declaration segment of the design file. 


ee anna 
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MACH 210 DEVICE 


Pin Names 


wv cy 
§ 8 
Node Numbers Re i Pin Numbers 


Cell Names 


58,59 
D8,D9 
Block A Block D 60,61 


Node 1 = Global .RSTF and.SETF Control ‘| P10,D11 
62,63 
D12,D13 


64,65 
D14,D15 


1027 


1026 


Ue 
~ 


1025 


Ww 
ON 


1024 


CLK1/IS 


LoS) 
pen 


GND 


MACH 210 


G2 
so 


14 


Ww 
i] 


13 


eS) Go WwW 


WwW 
© 


32,33 

B14,B15 

30,31 48,49 

aoe »B13 C14,C15 

46,47 

0 C12,C13 

BIOBI | Bok B Block c |©l® 

26,27 44,45 


MACH 210 Node Numbers and Cell Names 


e 
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MACH 210 DEVICE 


The logic for a MACH 210 output macrocell and I/O cell 
is shown next. 


catacacaneetetata tetas tetecotocecaceteten 


Output Macrocell VO Cel. 
asesasawaneteeatessetasetatatcececectcesecmiesesessstcesecelsstc! etetetatetes . 


OOK UH I n5eresero ses be eracocere carers’ \*0*9“e-0~2 "a "ee "8"0"0"0°s: 
Pee eee eee eee RMR ENE one eek se ee ee 
7 


ote 
ee 
5 
a4 
ate 


Output Enable 1 
Output Enable 2 : 


Asynchronous Preset # 


oe, 
os 


From Logic Allocator : 


we 
att 
Ba 
RY 
oe! 
oy 
oe 
La 
ee 
Re 
ut 
#8, 
BY 
we 
KY) 
of! 
aoe 
*f) 
a8 
oe 
ote! 
ote’ 
ste! 
oe 
oe 
UJ 
oo, 
on 
x 
iS 
s 
a8 
a 
ny 
RY 
soe 


Asynchronous Reset # 


To Switch Matrix : 


To Switch Matrix : 


MACH 210 Output Macrocell and I/O Cell 
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MACH 210 DEVICE 


The output of the macrocell can be combinatorial, 
D flip-flop, T flip-flop, or latch.29 You define the 
configuration in the pin declaration or equation 
segment of the design. 


The next figure illustrates the MACH 210 buried 
macrocell layout. 


Buried Macrocell Adjacent I/O 


oe 
O 
st 


Asynchronous Preset : > — 


From Logic Allocator 


Asynchronous Reset 
To Switch Matrix 


To Switch Matrix 


MACH 210 Buried Macrocell 


29 Refer to Section Il, Chapter 6, for a function table of illegal latch states. The macrocell latch has 
an active-low latch input. 


Ee a. 
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MACH 220 DEVICE An illustration of the MACH 220 node numbers and cell 
names is shown next. Each I/O pin of the device has 
an associated node, designated by a number. For 
example, pin 2 corresponds to node 2. For the 
MACH 2 series devices, there is also a buried node 
associated with each I/O pin. The signals at these 
buried nodes do not go to the pin. For example, node 3 
is associated with pin 2. You use these numbers to fix 
pin and node locations in the pin declaration segment of 
the design file. 


Important: The illustrated node numbers for the 
MACH 220 device are PRELIMINARY, and may 
change without notice. 


Also: Pin and cell names have been assigned for 
reference purposes and reflect functionality when 

appropriate. You can assign your own names in the pin 
declaration segment of the design file. 


ee 
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MACH 220 DEVICE 


Node Numbers 


I: —— Pin Names 


se] GND 
| ~ | 105 
ra] 104 
FA] 1047 
rE] 1046 
Fe] 1045 
re] 1044 
re] 1043 
Fe] 1042 


Cell Names — Pin Numbers 


Pe] 103 
a5 L =} 102 


12,13 
A10,A11 


‘4 
Le 


10,11 
A8,A9 
8,9 
86,87 
HO,H1 
88,89 
H2,H3 
90,91 
H4,HS 
92,93 
H6,H7 
94,95 
H8,H9 


96,97 
H10,H11 


22 23 
B8,B9 
20,21 Block A 
B6,B7 | 

18,19 


B4,B5 Node 1 = Global .RSTF and .SETF Control 


16,17 


B2.B3 | Block B 


1038 
Bony Block G 1037 


G G3 

~ 1036 

XY Buried Node | 541 17 
vege 53] GND 

Vcc 
16 
CLK3/I5 
CLK2/14 
1035 
1034 
1033 
1032 
1031 


a 


1041 
1040 
1039 


IO7 

IO8 

IO9 
1010 
IO11 
CLKO/I0 
CLK1/11 
[2 

VCC 
GND 

13 

IO12 
1013 
IO14 
IO15 [24 
IO16 | 25 
IO17 | 26 


— 
— 
Ye) 


— 
to 


— i tm — 
@ 
Ft TRO ~~ 


N 
| 
w 
8 
x~ 
m 
Ag} $ 


ae oe 
tif fu 

LF.) CAN 
ON foe) 


Ww 
Ww 


~] 


MACH 220 


—_— 
\o 
mn 


Lv) 
So 


Block F 


48,49 
010,011 
46,47 
D8,D9 
44,45 
D6,07 
42,43 
D4,D5 
40,41 
02,03 
38,39 
00,01 
50,51 
E0,E1 
52,53 
E2,E3 
54,55 
E4,E5 
56,57 
E6,E7 
58,59 
E8,E9 
60,61 
E10,E11 
72,73 
F10,F11 


ee 
1018 [S_ 
1019 [8 
1020 [TS 
1021 [2 


1022 | 8. 
1023 | 8 | 


GND 


1028 


1027 [S. 
Ea 
1029 [2 
i! 
1030 [& 


1025 


1024 [= 
ee 
1026 [3 | 


GND 


MACH 220 Node Numbers and Cell Names (Preliminary) 
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MACH 220 DEVICE 


The logic for a MACH 220 output macrocell and I/O cell 
is shown next. 


VO Cel 


OSSD LNRM MSS 


Output Enable 1 = 


Output Enable 2 : 


Asynchronous Preset ® 


From Logic Allocator : 
: AP 
: D/T/L Q 
é as 
, : AR 50 


CLKO | 


hd A 


CLK3 | 
: $3 SI 


Asynchronous Reset ® 


To Switch Matrix : 


To Switch Matrix : 


MACH 220 Output Macrocell and I/O Cell 
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MACH 220 DEVICE 


The output of the macrocell can be combinatorial, 

D flip-flop, T flip-flop, or latch.39 You define the con- 
figuration in the pin declaration or equation segment of 
the design. 


The next figure illustrates the MACH 220 buried 
macrocell layout. 


Adjacent I/O 


sheeenenes, 
soperseetate: 


: 
ix 
: 

3 
st 
Ra 


Asynchronous Preset a. 


From Logic Allocator 


Asynchronous Reset 


To Switch Matrix 


To Switch Matrix 


MACH 220 Buried Macrocell 


30 Refer to Section Il, Chapter 6, for a function table of illegal latch states. The macrocell latch has 


an active-low latch input. 
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MACH 230 DEVICE An illustration of the MACH 230 node numbers and cell 


names is shown next. Each I/O pin of the device has 
an associated node, designated by a number. For 
example, pin 3 corresponds to node 2. For the 

MACH 2 series devices, there is also a buried node 
associated with each I/O pin. The signals at these 
buried nodes do not go to the pin. For example, node 3 
is associated with pin 3. You use these numbers to fix 
pin and node locations in the pin declaration segment of 
the design file. 


Important: Pin and cell names have been assigned | 
for reference purposes and, where appropriate, reflect 
functionality. You can assign your own names in the 

pin declaration seqment of the design file. 
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Node Numbers 


Cell Names 


108 
IO9 
1010 
IO11 
IO12 
1013 
1014 
1015 
CKO/I0 
VCC 
GND 
CKI/1 
1016 
IO17 
IO18 
IO19 
1020 
1021 
1022 
1023 
GND 


|| 107 
| © | 106 
| © | 105 
| ~ | 104 
| wa} 102 
31>) IOl 


A2,A3 


712 | 103 


14,15 
8,9 
A6,A7 
45 


A12,A13 
12,13 


16,17 
A10,A11 
10,11 
A8,A9 


A14,A15 
6,7 
A4,A5 


Block A 


2,3 


3%] 100 
| | VCC 
| = | GND 
| & | VCC 


AO,A1 


I5 


| 8 | 1063 


oO 
Ww 


114,115 
HO,H1 


| 2 | 1062 
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--——_—_______> 


118,119 


H2,H3 


MACH 230 DEVICE 


|S] 1061 
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ra] 1058 
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120,121 
H6,H7 
122,123 
124,125 
H10,H11 
126,127 
H12,H13 

= 128,129 
H14,H15 
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Block H 


Node 1 = Global .RSTF and .SETF Control 


Block B 


Buried Node 
Node 


Block C 


D14,D15 


62,63 
D12,D13 


60,61 


D10,D11 


58,59 


D8,D9 


56,57 


D4,D5 


52,53 
D2,03 


54,55 


D6,D7 
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1027 
1028 
1031 
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50,51 
DO,D1 


MACH 230 


66,67 
E0,E1 


1032 L&, 


a 68,69 


1034 [| 3) 


1033 


E2,E3 


70,71 


E4,E5 
72,73 


Block G 


Block F a 


E6,E7 
74,75 
E8,E9 
76,77 
E10,E11 
78,79 
E12,E13 
80,81 
E14,E15 


| 
1036 [8] 
1037 [3] 
= 
LS 


1035 
1038 
1039 
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—— Pin Names 


—— Pin Numbers 


GND 
IOS55 
1054 
1053 
IO52 
IO51 
1050 
1049 
1048 
CK3/14 
GND 
VCC 
CK2/13 
1047 
1046 
1045 
1044 
1043 
1042 
1041 
[1040 
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MACH 230 DEVICE 


The logic for a MACH 230 output macrocell and |/O cell 
is shown next. 


The output of the macrocell can be combinatorial, 

D flip-flop, T flip-flop, or latch.21 You define the 
configuration in the pin declaration or equation segment 
of the design. 


SRE SRM RMS SRC SSS 


Output Macrocell VO Cell 
AMEE M AMHR RRR RRR MRR Fee eee a aaa a eee O aoe oe ents Ss 


Output Enable 1 i 


Output Enable 2 : 


Asynchronous Preset ® 


From Logic Allocator : 


CLKO | 


CLK3 | 


Asynchronous Reset # 


To Switch Matrix e 


To Switch Matrix 


MACH 230 Output Macrocell and 1/O Cell 


31 Refer to Section Il, Chapter 6, for a function table of illegal latch states. The macrocell latch has 
an active-low latch input. 
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MACH 230 DEVICE 


The output of the macrocell can be combinatorial, 
D flip-flop, T flip-flop, or latch.32 You define the 


configuration in the pin declaration or equation segment 
of the design. 


The next figure illustrates the MACH 230 buried 
macrocell layout. 


eee sade Adjacent I/O 


RARE RRA RR RT HM oteteretetete etate teeta tate ate tate tateteteta tata te tates atten a Me eae ates tate MetetaMetataMsteheheQnhahe0s. 0.0.60. 0.0.0.0.8 
OC CD ot RD CO CC) BHM OM AMM HMR MS caretetete tee 
serePahararararararererararararctatararararararsraratatarsrararatataratsl oeteetatetetetetetetatatatatatetetatetel ognee an eM ahatetaratatataratarateratatareretatatararatatsmatatarsratagig tae O ORM DeOeneseD OP Peesec ees eee tse 
_ 
oe 


Asynchronous Preset # | > QQ 


From Logic Allocator 


Asynchronous Reset 
To Switch Matrix # 


To Switch Matrix 


MACH 230 Buried Macrocell 


32 Refer to Section Il, Chapter 6, for a function table of illegal latch states. The macrocell latch has 
an active-low latch input. 
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MACH 215 DEVICE An illustration of the MACH 215 node numbers and cell 
names is shown next. Each I/O pin of the device has 
an associated node, designated by anumber. For 
example, pin 3 corresponds to node 2. For the 
MACH 2 series devices, there is also a buried node 
associated with each I/O pin. The signals at these 
buried nodes do not go to the pin. For example, node 3 
is associated with pin 3. You use these numbers to fix 
pin and node locations in the pin declaration segment of 
the design file. 


The MACH 215 device has no buried feedback; instead 
it has dedicated input registers. 


Important: Pin and cell names have been assigned 
for reference purposes and, where appropriate, reflect 
functionality. You can assign your own names in the 

pin declaration seqment of the design file. 
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MACH 215 DEVICE 


a 
2 Pin Names 


(oe) 
© 
Node Numbers Pin Numbers 


a 
Cell Names = 


1027 
Block A Block D 


Node 1 = Global .RSTF and .SETF Control none 


D12,D13 1025 
DiADis 1024 
CLK1/I5 
GND 
14 


B14,B15 13 


30,31 
B12,B13 


28,29 
B10,B11 


26,27 
B8,B9 


Block C 


MACH 215 Node Numbers and Cell Names 
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MACH 215 DEVICE 


The logic for a MACH 215 macrocell architecture is 
shown next. 


(to cell 


Macrocell 
N+1 


Dedicated C1/I5 
Inputs (to cell 
N+1) 


MACH 215 Macrocell Architecture 
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The software includes a text editor to create and edit 
PALASM design specification (PDS) files. The 
information presented here includes each command 
that's available, listed by menu. 


e File menu, A.1 

¢ Window menu, A.2 
¢ Block menu, A.3 

¢ Search menu, A.4 
e Print menu, A.5 

¢ Macro menu, A.6 

¢ Editing menu, A.7 
e Other menu, A.8 

* Quit menu, A.9 


APPENDIX A 


A.1 FILE MENU With the text editor, you can switch easily between 
multiple files, which are inserted into a ring in memory 
as you edit them. When you quit a file, it is deleted 
from the ring and the previous file in the ring becomes 
the new current file. Commands to switch between 
multiple files, and other file commands, are listed in the 
table below. 


FILE MENU COMMAND COMMAND DEFINITION 


= 


Load the named file(s) into the ring. 


Quit the current file without saving changes. 


Make the next file in the ring the new current file. 


Insert the specified file into the current file. 


Return to the operating system environment. 


Quit and save all files which have been loaded. 
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A.2 WINDOW You can display up to eight windows on the screen at 

MENU one time. Each window can contain a separate file, and 
the same file can be viewed in multiple windows. 
Window commands are listed in the table below. 


Close the current window, unless it is the only window on the 
screen, in which case do nothing. 


Increase the size of the current window if there are multiple 
windows on the screen. 


Split the current window horizontally to create a new window. 


Make the next window the new current window. 


Close all windows except the current window and expand it to 
occupy the entire screen. 


Make the previous window the new current window. 


Reduce the size of the current window by expanding the window 
above or below it. 


Toggle the current window between occupying the entire screen 
and sharing the screen with other windows. 
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A.3 BLOCK MENU Block commands allow you to identify a contiguous 
portion of text that you can copy, or cut and move, toa 
new area in the same file or to a different file. They are 
listed in the table below. 


BLOCK MENU COMMAND COMMAND DEFINITION 


Mark the beginning of a block of characters. The block is not 
shown until you also mark the end. 


mark block Begin 


mark block End Mark the end of a block of characters. The block is not shown 
until you also mark the beginning. 

Copy block Copy the current marked block to the new cursor position. 

Move block 


Delete block Delete the current marked block. 
Remove the mark from the currently blocked characters. 


mark Line Mark the complete line where the cursor is located. Moving the 
cursor to different lines adds those lines to the block. 


Copy the current marked block, delete it from its present 
location, and insert it in the new cursor position. 
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A.4 SEARCH You use the search commands to look for a specified 

MENU string of characters in the current file. After choosing 
one of the commands, you are prompted for the string 
and given several search options. The search is then 
performed; you can cancel the command by pressing 
[Return]. 


The search commands are listed in the table below. 


Search for a specified string of characters within the current file. 


Se Repeat the previous Find or Replace command. 


Search for and replace a specified string of characters with a 
different string. 


February 1991 APPENDIX A A-5 


A.5 PRINT MENU You can specify how you want the current file printed. 
The table below lists the available print commands. 


pina Send the entire current file to the printer. 


print Block 
send Formfeed Send a form-feed character (ASCII 12) to the printer. 


set Left margin Set the number of spaces to be printed at the beginning of each 
line. The default is 0 spaces. 


Send the current marked block to the printer. The marked block 
must be in the current file. 


Set the number of lines to be printed per page. A value of 0 will 
allow continuous printing. 
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A.6 MACRO 
MENU 


Macro MENU COMMAND 


Macro record 


Read macro 


Write macro 


February 1991 


You can capture keystrokes to create a macro using the 
Macro record command. For each macro you create, 
you are asked to assign a unique command key. Every 
time you press that key, the recorded keystrokes are 
repeated. 


You can establish different libraries of macros by saving 
them under a file name and loading them into the text 
editor when you want to use them. The macros are 
then assigned to the keys to which they were bound 
when they were saved. 


The table below lists the available macro commands. 


COMMAND DEFINITION 


Toggle Macro record between ON and OFF. You assign a 
command key, and all following keystrokes are recorded until you 
execute Macro record a second time. 


Load the named macro file, with all the macros it contains, from 
disk into the text editor's internal macro buffer. You are prompted 
for the name of the file. 


Save all current defined macros to a disk file. You are prompted 
to name the file. 


APPENDIX A A-7 


A.7 EDITING The text editor allows you to use the editing commands 
MENU listed in the table below. 


EDITING MENU COMMAND COMMAND DEFINITION 


Add line 


Add a blank line below the current line, and place the cursor on the 
new line. The cursor column does not change. 


Delete the current line and place the cursor on the following line. 


Delete text on the current line from the cursor position to the end 
of the line. 


delete to End of line 


Insert a blank line above the current line and place the cursor on 
that line. 


Insert line 
Join line 
Undelete line 


Join the end of the current line to the line below tt. 


Split the current line at the cursor position. 


Recover the last line deleted from the current file. 
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A.8 OTHER MENU 


Four different operating modes and two tab-setting 
options are available with the text editor. Those 
commands, and several other function commands, are 
listed in the table below. 


OTHER MENU COMMAND COMMAND DEFINITION 


set Autoindent OFF (ON) 


set Insert OFF (ON) 


set Wordwrap OFF (ON) 


February 1991 


Toggle between Autoindent ON and OFF. The default is ON. 


¢ In auto-indent mode, the left margin is maintained through 
word-wrap, paragraph-reformatting, and the [Return] key, 
and is aligned with the first non-space character. 


Toggle between Insert ON and OFF. The default is ON. 


¢ In insert mode, text is shifted to the right as you enter new text. 
Backspacing shifts text to the left as it deletes the character 
to the left of the cursor. 


In overwrite (non-insert) mode, text you enter overlays text at 


the cursor position. Backspacing deletes the character to the 
left of the cursor but does not shift the remainder of the line. 


Toggle between Wordwrap ON and OFF. The default is ON. 


- In word-wrap mode, text you enter wraps around to the next 
line when the cursor goes past the right margin and a non-space 
character is typed. The left margin is determined by the func- 
tion of the auto-indent mode. 


continued on next page... 
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...continued 


OTHER Menu COMMAND _| COMMAND DEFINITION 


set Ptabwidth 
set Ctabwidth 


set Right margin Set the right margin for use in the word-wrap mode. 


set Backups OFF (ON) 


Set the physical tab width to a value of 2, 4, or 8. This determines 
the width of physical tab characters found in files. You are 
prompted to set the value. 


Set the cursor tab width to any value from 2 through 12. This 
defines the actual screen position to which the cursor will move 
each time a tab key is pressed. You are prompted to set the value. 


Toggle between Backups ON and OFF. The default is ON. 


¢ The backup function keeps backup copies of files that are 
written to disk. 


set Enter matching ON (OFF) [| Toggle between Enter matching ON and OFF. The default is OFF. 


¢ The match function automatically enters the matching right 
character when the left double quote, paren, or square 
bracket is typed. 
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A.S9 QUIT MENU Leaving the text editor, and saving all the work you've 


done, is easily accomplished by using the commands 
listed in the table below. 


Quit all files Quit all files without saving changes. 


Exit all files 


Conditionally quit all files. If the file has been modified, the editor 
prompts for whether the changes should be saved. 
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SECTION VI, GLOSSARY / INDEX, GLOSSARY 


A low-to-high or high-to-low signal transition that 
initiates an action. 


A transparent software process that generates a 
JEDEC formatted fuse map and test vectors. 


A user-selectable software process that takes pin 
assignment names determined by the fitting process 
and writes them back into the PDS file. 


A collection of I/O or buried macrocelils within a block. 
In the MACH 110 device, each block has two banks 
with 8 I/O cells in each bank. In the MACH 210 device, 
each block has one bank with 8 I/O cells and one bank 
with 8 buried macrocells. See Block. 


A collection of PAL-like structures that function as 
independent PAL devices on a single chip. Each block 
contains a product-term array, a logic allocator, 
macrocells, and I/O cells. The blocks communicate 
with each other only through the switch matrix. 


A buried macrocell allows the designer to use 
registered inputs. The input register is a D-type flip- 
flop. Once configured as a registered input, the buried 
macrocell can not generate logic from the product term 
array. A buried macrocell does not send its output to 
an I/O cell. The output of a buried macrocellis a 
feedback signal to the switch matrix. This allows the 
designer to generate additional logic without requiring 
additional pins. 


A software breadboard to verify design functionality and 


performance. Software that logically emulates a 
circuit's functions to ensure proper design. 
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Combinatorial Macro A macro that performs a logical function and has no 
storage capability. 


Combined files A PDS file created by merging two separate PDS files. 
Certain variables may be automatically renamed or 
reassigned to different pins. 


Controllability The degree to which signals in a part of a circuit can be 
made to take on specific values through manipulation of 
primary inputs; used in testability analysis. 


Critical Path Evaluation The identification and analysis of signal paths whose 
delays could limit the speed of the circuit. 


Current Design File The design file that you specified to work on. 
Default Value The value used unless you specify a different one. 
Design File A file containing the PALASM description or schematic 


representation of a design. 


Disassemble The process of translating a .TRE file or a JEDEC fuse 
map back into a PDS. 

EEPROM (E2 PROM) See Electrically Erasable and Programmable ROM. 

Electrically Erasable and Similar to an EPROM, but it stores the charge ona 

Programmable ROM floating gate. Newer EEPROMs can erase individual 
data bytes. 

EPLD Erasable Programmable Logic Device, such as an 
EPROM. 

EPROM See Erasable Programmable ROM. 

Erasable Programmable ROM Usually refers to the UV erasable, 2764 device type. 


Generally, EPROMs are erased by shining ultraviolet 
light on the chip through a quartz window on the 
package. 
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Expand 


Field 


Field Programmable Logic 


Fit 


FITR 


/O cell 


Float 


Form 
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A transparent software routine that performs one of two 
functions depending on your design. Converts Boolean 
equations to sum-of-product-terms form,.and state- 
machine constructs to Boolean Exclusive-OR. 


An area in a form where you enter information by typing 
or selecting from a list of options. Also, an areaina 
PALASM language construct where you enter specific 
information. 


Standard products that the user can configure to a 
specific application, such as PAL and FPLA devices. 


A software process that places pins and nodes after 
compilation. The placement is automatic if pins and 
nodes are left floating. This process generates the 
JEDEC fuse map. 


The FITR software automatically manages the internal 
arrangement of resources. The software automatically 
distributes product terms to the macrocells and adjusts 
the distribution as required by the design. 


The I/O cell provides a three-state output buffer. The 
three-state buffer can be left permanently enabled for 
use only as an output; permanently disabled for use as 
an input; or it can be controlled by one of two product 
terms, for bidirectional signals and bus connections. 
The two product terms provided are common to a bank 
of eight I/O cells. 


A feature that allows pin and node placement to occur 
automatically during the fitting process. To leave a pin 
or node floating, you use a question mark, ?, in the 
location field of a pin or node statement. 


Forms provide specifications to the software. Each 
form provides one or more text, status, or option fields. 
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Functional Primitives 


Gate Splitting 


Initial Value 


Initialize 


Keyword 


Library 


Log File 


Logic Allocator 


Design building blocks, such as adders, shifters, 
decoders, and memory. A functional primitive differs 
from a gate-level primitive only in the individual 
element's degree of functional complexity. 


An automatic software process that routes feedback 
through the switch matrix, AND array, and logic 
allocator to the assigned pin. You can use product 
terms from nonadjacent macrocells in a MACH 110 or 
210 device, including other blocks. Gate splitting uses 
product terms in multiples of four. However, unlike 
product-term steering, gate splitting adds one 
propagation delay for each pass through the AND logic 
array. 


The preset value for an option when the software is 
invoked. After the software starts executing, the 
option's value can be changed. See Default Value. 


The process of establishing an initial condition or 
starting state. For example, setting logic elements in a 
digital circuit, or the contents of a storage location, to 
known states so that subsequent application of digital 
test patterns drive the logic elements to another known 
state. Initialization sets counters, switches, and 
addresses to zero or other starting values at the 
beginning of, or at prescribed points in, a computer 
routine. 


A word used in a language to indicate a specific 
construct or structure. 


See Macro Library. 


A file containing all processes and messages generated 
during a software processing session. 


The logic allocator is a block within which different 
product terms are allocated to the appropriate 
macrocells. 
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The MACH is a new 15 ns CMOS EE PLD available in 
44-, 68-, and 84-pin packages. The MACH device 
provides programmable logic capabilities from 
approximately 900 to 3600 gates. The MACH 1 and 2 
families consist of PAL blocks interconnected by a 
programmable switch matrix. Each family member is 
differentiated by the number of pins, the number of 
macrocells, and the amount of interconnect. The 
MACH 1 family has only output macrocells. The MACH 
2 family has output and buried macrocells. Otherwise 
the families are the same. 


The MACH 110 consists of two PAL blocks 
interconnected by a programmable switch matrix. The 
MACH 110 has 32 macrocells, 44 pins and 38 inputs. 


The MACH 120 consists of four PAL blocks 
interconnected by a programmable switch matrix. It 
has 48 macrocells, 68 pins and 58 inputs. 


The MACH 130 consists of four PAL blocks 
interconnected by a programmable switch matrix. It 
has 64 macrocells, 84 pins and 70 inputs. 


The MACH 210 consists of four PAL blocks 
interconnected by a programmable switch matrix. It 
has 64 macrocells, 44 pins and 38 inputs. The MACH 
210 also has dedicated buried macrocells. 


The MACH 220 consists of six PAL blocks 
interconnected by a programmable switch matrix. It 
has 96 macrocells, 68 pins and 48 inputs. The MACH 
220 also has dedicated buried macrocells. 


The MACH 230 consists of eight PAL blocks 
interconnected by a programmable switch matrix. It 
has 128 macrocells, 84 pins and 70 inputs. The MACH 
230 also has dedicated buried macrocells. 


The elements in a library that you can retrieve to create 
a schematic. 
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Macrocells | There are two fundamental types of macrocells: an 
output macrocell and a buried macrocell. A buried 
macrocell is found only in the MACH 2 family of 
devices. The use of buried macrocells effectively 
doubles the number of macrocells available without 
increasing the pin count. Both macrocell types can 
generate registered or combinatorial output. If used, 
the register can be as a T- or D-type flip-flop. 

_ Programmable polarity (for output macrocells) and the 
T-type flip-flop give the software a way to minimize the 
number of product terms needed. All macrocells have 
internal feedback, allowing a pin to be used as an input 
if the macrocell signal is not needed externally. See 
also Output Macrocell. 


Macro Library A collection of macros, organized or classified by 
function, that contain the macros required for schematic 
capture. 

Merge Combine two or more text files into one description or 


PDS file. A synonym for Combine. 


Minimize A transparent software routine that reduces a set of 
Boolean equations to a simpler sum-of-products form, 
usually involving fewer product terms or literals. 


Netlist A list of circuit elements and their interconnections. 

Node An identifiable point in a design. A node can be 
associated with a specific device, geographic location, 
or signal. | 

Nominal Delay The mean time signals take to propagate through a 


logic element or a wire. The effect of an input change 
to an element on the output does not occur until after 
the nominal delay. 
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Option List 


Output Macrocell 


PAL 


PAL Blocks 
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In addition to the control offered by preload, testing 
requires observability of the internal state of the device 
following a sequence of vectors. The MACH device 
offers an observability feature that allows the user to 
send hidden buried register values to observable output 
pins. For macrocells that are configured as 
combinatorial, the observability function suppresses the 
selection of the combinatorial output by forcing the 
macrocell output multiplexer into registered output 
mode. The observability function allows observation of 
the associated registers by overriding the output enable 
control and enabling the output buffer. 


A list that appears when you press [F2] in an option 
field of a software form. You select an option from the 
list or change the specification in the selected field. 


The output macrocell sends its output back to the 
switch matrix, via internal feedback, and to the I/O cell. 
The feedback is always available regardless of the 
configuration of the |/O cell. This allows for buried 
combinatorial or registered functions, freeing the I/O 
pins for use as inputs if not needed as outputs. 


See Programmable Array Logic. 


The PAL blocks can be viewed as independent PAL 
devices on the chip. Each PAL block contains a 
product-term array, a logic allocator, macrocells, and 
I/O cells. PAL blocks communicate with each other 
only through the switch matrix. Additionally, each PAL 
block contains an asynchronous reset product term and 
an asynchronous preset product term. This allows the 
flip-flops within a single PAL block to be initialized as a 
bank. 
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PALASM The PALASM software development system runs on 
PC/AT compatible and 386-based systems. The 
package provides low-cost CAD capabilities for the 
following design phases: design entry, implementation, 
verification, programming and testing. The software 
operates with an easy-to-use pull-down menu interface 
that allows most operations to be performed with a 
single keystroke. Designs can be entered using mixed 
schematic, state machine, and Boolean input formats. 


Programmable Array Logic A programmable logic architecture having two levels of 
logic with a programmable AND array. 


Parse A transparent software routine that checks the syntax of 
the design file and creates the intermediate design. TRE 
and design.pin files. 


PDS File A textual representation of a design file using PALASM 
language constructs. 

PLA See Programmable Logic Array. 

PLD Device A general category of programmable logic devices that 


contains the two subcategories of PALs and PLAs. 


Power-up Reset All flip-flops power-up to a logic LOW for predictable 
system initialization. The actual values of the outputs of 
the MACH devices depend on the configuration of the 
macrocell. The VCC rise must be a monotonic and the 
reset delay time is 1000 ns maximum. 


Product-Term Array A product-term array consists of of a number terms that 
form the basis of the logic being implemented. The 
product terms drive the logic allocator, which allocates 
the product terms to the appropriate macrocelis. The 
number of product terms allocated to each array is not 
fixed and the full sum of products is not realized in the 
array. The inputs to the AND gates come from the 
switch matrix, and are provided in both true and 
complement forms for efficient logic implementation. 
There are several three-state product terms that 
provide three-state control to the I/O cells. 
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Product-Term Steering 


Programmable Logic Array 


Programmable Read-Only 
Memory 
PROM 


Reference Designator 


Register Preload 


Reserved Word 


Schematic Diagram 


An automatic software process that borrows 
supplemental terms from adjacent macrocells, in 
addition to the four product terms available to each 
macrocell. This may occur when the maximum gate 
width is set to 12 and you include more than four 
product terms in an equation. In MACH 110 designs, 
up to eight product terms can be borrowed from 
adjacent macrocelils for a total of 12; four product terms 
can be borrowed from the adjacent macrocell above 
and below. In MACH 210 designs, up to 12 product 
terms can be borrowed from adjacent macrocells for a 
total of 16. 


A rectangular array of AND and OR gates used to 
generate logic functions in sum-of-products form. 


A ROM that can be programmed by the customer. 


See Programmable Read-Only Memory. 


The reference designator is used to create unique net 
and block names. See Macro. 


All registers on the MACH devices can be preloaded 
from the I/O pins to facilitate functional testing of 
complex state machine designs. This feature allows 
direct loading of arbitrary states, making it unnecessary 
to cycle through long test vector sequences to reach a 
desired state. In addition, transitions from illegal states 
can be verified by loading illegal states and observing 
proper recovery. 


See Keyword. 


A circuit diagram in which components are represented 
by standard, simple, easily drawn symbols. 
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Security Bit A security bit is provided on the MACH device as a 
deterrent to unauthorized copying of the array 
configuration patterns. Once programmed, this bit 
defeats readback of the programmed pattern by a 
device programmer. 


Signal Contention Conflicts between signal assignments that arise when 
you merge one PDS file with another. For instance, 
input signals may have the same location; this may or 
may not be appropriate for your design. 


Spike The output condition where the inputs are being 
manipulated faster than the element's propagation 
delay. 

Switch Matrix The switch matrix provides communication between 


PAL blocks and routes inputs to these blocks. The 
switch matrix takes all dedicated inputs, I/O feedback 
signals, and buried feedback signals and routes them 
as needed to the various PAL blocks. The switch 
matrix makes the MACH device more than just multiple 
PAL devices on a single chip. 


Unit-Delay A simulation technique used to verify functionality. In 
this technique all the delays of the elements are set to 
one time unit. 

Unit-Delay Simulation A simulation that assumes equal propagation delays. 

Zero-Delay Simulator A simulator used for functional validation. The signals 


have no delay. 


Zero-/Unit-Delay Simulator Combination of the zero-delay and unit-delay simulation 
selements and with unit-delay circuits inserted into the 
feedback lines and memory elements. 
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Abandon input command, 9-20 
Active-high polarity, 11-16 
Active-low polarity, 11-15 
Adjacent macrocell use, 5-14 
Analyze device resources, 5—7 
Annotated 
Datasheet, 7-11 
Schematic, 7-3 
Assigning logic to a block, 4-53 
Assigning pin and node locations, 5—11 
Assigning resources, 5-28 
Assigning state bits, 4-38 
Automatic state-bit assignment, 4-38 
Choosing state-bit assignments, 4-39 
Manual state-bit assignment, 4-39, 4-41 
ASSIGNMENT OPERATOR, 10-14 
AUTHOR, 10-18 
AUTOEXEC, 1-12 
Automatic state-bit assignment, 4-38 
Auxiliary simulation file command, 9-51 


B 


Back annotate signals command, 9-56 
Bank output enable, 4-11 

Banking set and reset in MACH devices, 4-17 
Begin new design command, 9-8 

Bind Pins/Nodes command, 9-26 

Bind signals together, 4-79 

Block and macrocell diagrams, 11-39 
Block partitioning, 5-3, 5-25 
BOOLEAN EQUATION, 10-20 
Boolean design strategies, 4—7 
Boolean-equation elements, 10-4 
Both command, 9-55 


DocVer 2.0 


Buried register with /Q feedback, 11-28 
Buried register with Q feedback, 11-30 


C 


Capturing a schematic, 7-6 
Defining preset and reset functions, 7-9 
Grouping signals into a block, 7—7 
Interpreting reference designators, 7-10 
Manually splitting product terms, 7-8 
Naming signals, 7-10 
Specifying pin and node numbers, 7-6 
Terminating unused inputs and outputs, 7-8 
Turning minimization off, 7-7 

CASE, 4-22, 10-24 

Change directory command, 9-32 

Changes after successful fitting, 5-58 
Changing logic, 5-59 
Changing the pin out, 5-58 

Changing logic, 5~59 

Changing the pin out, 5—58 

CHECK, 10-30 

CHECKQ, 10-34 

CHIP, 10-38 

Choosing a larger MACH device, 5-57 

Choosing state-bit assignments, 4—39 

.CLKF, 10—40 

CLKF, 10-44 

Clock control, 11-10 
Common external clock control, 11-10 
Individual product term clock control, 11-11 

CLOCKF, 10—46 

Clock signals, 5-8 

Clocking a state machine, 4-44 

.CMBF, 10-48 

COMBINATORIAL, 10-50 

Combinatorial logic, 11-19 

Combinatorial output with I/O feedback, 11-32 

Combined entry methods, 4-6 
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Combining schematic and text descriptions, 4-64 


Command conventions, 9-5 
Commands 


Abandon input, 9-20 
Auxiliary simulation file, 9-51 
Back annotate signals, 9-56 
Begin new design, 9-8 

Bind pins/nodes, 9-26 

Both, 9-55 

Change directory, 9-32 
Compilation options, 9-37 
Compile, 9-53 


Control file for schematic design, 9-50 


Convert schematic to text, 9-55 
Current disassembled file, 9-66 
Delete specified files, 9-33 
Design file, 9-61 

Disassemble from, 9-56 

Edit a file, 9-21 

Edit pin/node list, 9-28 

Execute, 9-59 

Execution log file, 9-61 

Get next input file, 9-18 

Go to system, 9-48 

JEDEC data, 9-63 

List combined files, 9-19 

Logic synthesis options, 9-44 
Merge design files, 9-16 

Merge files, 9-19 

Options, 9-30 

Other file, 9-51 

Other operations, 9-55 

Quit, 9-20, 9-48 

Recalculate JEDEC checksum, 9-58 
Reports, 9-62 

Resolve detectable conflicts, 9-22 
Retrieve an existing design, 9-15 
Save, 9-20 

Schematic file, 9-50 

Set renaming strategy, 9-31 

Set up, 9-34 

Simulation, 9-54 


Simulation data, 9-64 


Simulation options, 9-43 
Text file, 9-49 

Translate from PLPL, 9-59 
View the output buffer, 9-22 
Waveform display, 9-65 
Working environment, 9-34 


Commands and options, 9-7 
COMMENT, 10-52 
Common external clock control, 11-10 
Common external or individual product term control, 
11-8 
Common external output, 11—7 
COMPANY, 10-54 
Compatibility, 4-67 
Compilation / fitting, 5-1/5—4 
Compilation options command, 9-37 
Compile command, 9-53 
Complement array, 11-35 
Condition equations, 4-31 
CONDITIONS, 10-56 
CONFIG.SYS, 1-12 
Configuration, 1-11 
Conflicts table, 4-75 
Connection problem (wiring congested), error F590, 
5-51 
Connection status, 5-35 
Control file for schematic design command, 9-50 
Controlling 
Banking set and reset in MACH devices, 
4-17 
Clocks with .CLKF, 4-16 
Logic reduction, 4-25 
Minimization, 4—54 
Output buffers using .TRST, 4-11 
Bank output enable, 4—11 
Grouped output enable, 4-14 
Individual output enable, 4—12 
Polarity 
From the equation, 4-8 
From the pin or node statement, 4—9 
Set/reset using .SETF and .RSTF, 4-17, 
4—56 
Conversion, existing schematics to MACH-device 
designs, 4-62 
Convert schematic to text command, 9-55 
Creating a simulation file, 6-3 
Creating equivalent logic, 4—10 
Creating state-machine equations, 4-30 
Condition equations, 4-31 
Output equations, 4-32 
State-machine example, 4-32 
Transition equations, 4-31 
Current disassembled file command, 9-66 
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D flip-flop, 11-20 
DATE, 10-60 
DECLARATION SEGMENT, 10-62 
Default branches, 4-34 
Example, 4-36 
Global defaults, 4-35 
Local defaults, 4-35 
DEFAULT_BRANCH, 10-66 
DEFAULT_OUTPUT, 10—70 
Defining 
Moore and Mealy machines, 4-29 
Preset and reset functions, 7-9 
Delete specified files command, 9-33 
Deleting unused logic, 4—59 
Design documentation, 4-60 
Design evaluation, 4-67 
Design file command, 9-61 
Design flow, 4-3 
Designing to fit, 5-5 
Analyze device resources, 5-7 
Assigning pin and node locations, 5—11 
Grouping logic, 5—15 
Methodology, 5-6 
Setting compilation and fitting options, 5-16 
Device polarity, 11-15 
Active-high polarity, 11-16 
Active-low polarity, 11-15 
Programmable polarity, 11-18 
Device resource checks, 5—24 
Disassemble from command, 9-56 
Documentation menu, 9-69 
Help on errors, 9-71 
Index of topics, 9-69 
Language reference, 9-70 
Download menu, 9-68 


E 


Edit a file command, 9-21 

Edit combined data, 4-83 

Edit menu, 9-49 

Edit Pin/Node List command, 9-28 
Editor menu, 9-21 

Electronic signature, 11-36 

Entry, 4—1 


July 1991 


INDEX 


EQUATIONS SEGMENT, 10-72 
Errors 

F580, 5-39 

F590, 5-51 

F600, 5-47 

F610, 5-41 

F620, 5-54 
Execute command, 9-59 
Execution log file command, 9-61 
Expand 

All PT spacing, 5—19 

Small PT spacing, 5-19 
EXPRESSION, 10-74 


= 


[F1] for help, 9-72 
Feedback map, 5-32 
Feedback, 11—23 
Programmable, 11-23 
Output with I/O feedback, 11-23 
Output with /Q feedback, 11-25 
Output with I/O and /Q (dual) 
feedback, 11-26 
Buried register with /Q feedback, 
11-28 
Buried register with Q feedback, 
11-30 
Registered input with /Q output, 
11-31 
Non-programmable 
Combinatorial or registered output 
with I/O feedback, 11-32 
Registered output with /Q 
feedback, 11-32 
FILE Menu, 9-8 
Files menu, 9—18 
Fitting options, 5-56 
Fitting process, 5-3 
Block partitioning, 5-3 
Initialization, 5-3 
Resource assignment, 5—4 
Fixing node locations, 4—51 
Fixing pin locations, 4-50 
Flags used, 5—22 
Flip-flops, 6-8 
FLOATING PINS AND NODES, 10-78 
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FOR loop, 6—15 
FOR-TO-DO, 10-82 
Forms 
Schematic—based design, 9-12 
Text-based design, 9-10 
FUNCTIONAL EQUATIONS, 10-86 
Fuse data only, 9-63 
Fuse map, 9-62 


G 


Gate splitting, 5-16 

General PLD language syntax, 11-6 
Clock control, 11-10 
Combinatorial logic, 11-19 
Complement array, 11-35 
Device polarity, 11-15 
Electronic signature, 11-36 
Feedback, 11-23 


Observability product term control, 11-34 


Output-enable control, 11—7 
Preset control, 11—11 
Reset control, 11-13 


Registered or latched logic, 11—20 


Preload control, 11-33 
Get next input file command, 9-18 
Global defaults, 4-35 


Global product term control, 11-12, 11-14 


GND, 10-90 
Go to system command, 9-48 


Group statements with MACH block names, 4-85 


GROUP, 10-92 
Grouped output enable, 4—14 
Grouping 

Logic, 5-15 

Signals into a block, 7—7 


H 


Hardware requirements, 1-2 
Help on errors, 9-71 
History file, 6-11 
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IF-THEN-ELSE, 4-21, 6-16 
IF-THEN-ELSE, EQUATIONS, 10-96 
IF-THEN-ELSE, SIMULATION, 6-16, 10—100 
Individual output enable, 4-12 
Individual product term clock control, 
11-7, 11-11/11-13 
Initializing a state machine, 4—43 
Input files, 4-66 
Inputs, clock signals, and set/reset control, 4-69 
Installation, 1-4 
File updates, 1-12 
Requirements 
Hardware, 1—2 
Software, 1-3 
Steps, 1-4 
Interconnection resources, 5—10 
Internal nodes, 6-8 
Interpreting reference designators, 7-10 


J 


.J EQUATION, 10-102 
JEDEC data command, 9-63 


K 


.K EQUATION, 10-104 


L 


Large functions at the end of a block, 5-14 
Large logic functions, 5-13 

Latch, 11-22 

LATCHED, 10-106 

Latches, 6-9 

List combined Files command, 9-19 
LOCAL DEFAULT, 10-108 

Local defaults, 4-35 

Logic map, 5-33 

Logic synthesis options command, 9-44 
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MACH 1 and MACH 2 series devices, 11-156 
Device features, 11-156 
PALASM programming features, 11-157 
Pin and node descriptions, 11-157 
Sample equations, 11-168 
MACH 110 device, 11-174 
MACH 120 device, 11-178 
MACH 130 device, 11-182 
MACH 210 device, 11-186 
MACH 215 device, 11-198 
MACH 220 device, 11-190 
MACH 230 device, 11-194 
MACH device features, 11-156 
MACH error messages, 5-36 
Connection problem (wiring congested), 
error F590, 5-51 
Mapping difficulty — no feasible solution, 
error F620, 5-54 
Marginal block partitioning measure, 
warning F120, 5-37 
Not all input signals were connected, 
error F600, 5-47 
Partitioning could not place all signals into 
blocks, error F580, 5-39 
Procedures for reducing logic complexity, 
5-55 
Product term distribution, error F610, 5—41 
MACH I/O cell and macrocell, 11-169 
MACH library, 4-48, 7-2 
Quick reference, 8—1/8—17 
MACH output files, errors and warnings, 5-35 
MACH pin and node 
Descriptions, 11-157 
Feedback, 11-170 
MACH registered and latched inputs, 11-171 
MACH report, 5-21, 9-62 
Assigning resources, 5-28 
Block partitioning, 5-25 
Connection status, 5-35 
Device resource checks, 5-24 
Feedback map, 5-32 
Flags used, 5-22 
Logic map, 5-33 
Pair analysis, 5-23 
Pin map, 5-34 
Preplacement & equation usage checks, 
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5-23 
Signals, equations, 5-30 
Signals, tabular, 5-29 
Timing analysis for signals, 5-23 
Utilization, 5-27 
MACH sample equations, 11-168 
/O cell and macrocell, 11-169 
Pin and node feedback, 11-170 
Registered and latched inputs, 11-171 
MACH_SEG_A, 10-110 
Macrocells and I/O pins, 5-9 
Manual state-bit assignment, 4-39, 4-41 
Manually splitting product terms, 7-8 
Mapping difficulty — no feasible solution, error F620, 
5-54 
Marginal block partitioning measure, warning F120, 
5-37 
MASTER_RESET, 10-114 
Maximize packing of logic blocks, 5—18 
MEALY_MACHINE, 10-116 
Menus, 9—7 
Documentation menu, 9-69 
Download menu, 9-68 
Edit menu, 9-49 
Editor menu, 9-21 
[F1] for help, 9-72 
File menu, 9-8 
Files menu, 9-18 
Fiesolution menu, 9-22 
Fiun menu, 9-52 
Setup menu, 9-30 
View menu, 9-60 
Merge design files command, 9-16 
Merge files command, 9-19 
Merge files, 4-81 
Edit combined data, 4-83 
Save combined data, 4-84 
Merge guidelines, 4-69 
Merging multiple PDS files, 4-66 
Compatibility, 4-67 
Design evaluation, 4-67 
Guidelines, 4-69 
Input files, 4-66 
MINIMIZE_OFF, 10-118 
MOORE_MACHINE, 10-120 


N 


Naming signals, 7-10 
Netlist report command, 9-67 
NODE, 10-122 
Non-programmable feedback, 11-32 
Combinatorial or registered output with I/O 
feedback, 11-32 
Registered output with I/O feedback, 11-33 
Registered output with /Q feedback, 11-33 
Not all input signals were connected, error F600, 
5-47 


O 


Observability product term control, 11-34 
OPERATOR, 10-126 
Options, 9-30 
Other file command, 9-51, 9-68 
Other operations command, 9-55 
.OUTF, 10-128 
Output enable, 6-9 
Output equations, 4-32 
Output files, errors and warnings, 5-35 
Output polarity, 4—7 
Controlling polarity from the equation, 4-8 
Controlling polarity from the pin or node 
statement, 4-9 
Creating equivalent logic, 4—10 
The two components of polarity, 4-7 
Output with I/O and /Q (dual ) feedback, 11-26 
Output with I/O feedback, 11-23 
Output with /Q feedback, 11-25 
Output-enable control, 11—7 
Common external or individual product term 
control, 11-8 
Common external output, 11—7 
Individual product term control, 11—7 
OUTPUT_ENABLE, 10-132 
OUTPUT_HOLD, 10-134 


P 


Pair analysis, 5-23 
PAIR, 10-136 
PALASM programming features, 11-157 
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PAL16RA8, 11-48 

PAL16V8HD, 11-52 

PAL20EG8, 11-62 

PAL20EV8, 11-66 

PAL20RA10, 11-70 

PAL22V 10, 11-80 

PAL32VX10, 11-130 

PALCE22IP6, 11-74 

PALCE23S8, 11-84 

PALCE26V12, 11-92 

PALCE29M16, 11-96 

PALCE29MA16, 11-104 

PALCE610, 11-142 

Partitioning could not place all signals into blocks, 
error F580, 5-39 

PATTERN, 10-140 

Pin and Node Descriptions, 11-38 

Pin map, 5-34 

PIN, 10-142 

Pinout, 9-67 

PLD device feature cross-reference table, 11-4 

PLD Naming Conventions, 11—2 

PLS30S16, 11-110 

PLS105, 11-40 

PLS167/168, 11-44 

PRELOAD, 10-146 

Preload control, 11-33 
Product term control, 11-33 
Supervoltage, 11-33 

Preloaded registers, 6-9 

Preplacement & equation usage checks, 5-23 

Preset control, 11-11 
Global product term control, 11-12 
Individual product term control, 11-13 

.PRLD, 10-148 

PRLDF, 10-150 

Procedures for reducing logic complexity, 5-55 

Product term control, 11-34 

Product term distribution, error F610, 5—41 

Product terms, 5-9 

Programmable feedback, 11-23 
Buried register with Q feedback, 11-30 
Buried register with /Q feedback, 11-28 
Output with I/O feedback, 11-23 
Output with I/O and /Q (dual ) feedback, 

11-26 
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Output with /Q feedback, 11-25 
Registered input with /Q output, 11-31 
Programmable polarity, 11-18 
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Quit command, 9-20, 9-48 


R 


.R EQUATION, 10-152 
Radix notation, 4-20 
Re-engineer the combined design, 4-84 
Group statements with MACH block names, 
4-85 
Shared resources, 4-85 
Simulation commands, 4-85 
Recalculate JEDEC checksum command, 9-58 
REGISTERED, 10-154 
Registered input with /Q output, 11-31 
Registered or latched logic, 11-20 
D flip-flop, 11-20 
Latch, 11-22 
SR flip-flop, 11-21 
Registered output with I/O feedback, 11-32 
Registered output with /Q feedback, 11-33 
Rename signals in the input buffer, 4-76 
Reports command, 9-62 
Reset control, 11-13 
Global product term control, 11-14 
Individual product term control, 11-13 
Resolution menu, 9-22 
Resolve conflicts, 4-74 
Bind signals together, 4—79 
Rename signals in the input buffer, 4-76 
Review detectable conflicts table, 4-75 
Resolve Detectable Conflicts, 9-22 
Resource assignment, 5-4 
Retrieve an existing design command, 9-15 
Retrieve files, 4-72 
REVISION, 10-156 
.RSTF, 10-158 
Run menu, 9-52 


S 


.S EQUATION, 10-160 


Sample equations, 11-168 
Save combined data, 4-84 
Save command, 9-20 
Schematic entry, 4—4 
Schematic file command, 9-50 
Schematic parameters, 4-49 
Assigning logic to a block, 4-53 
Controlling minimization, 4-54 
Controlling set/reset, 4—56 
Deleting unused logic, 4-59 
Fixing node locations, 4—51 
Fixing pin locations, 4-50 
Schematic versus text entry, 4-47 
Schematic-based design form, 9-12 
.SETF, 10-162 
SETF, 10-164 
Set Renaming Strategy, 9-31 
Set Up command, 9-34 
Set/reset signals, 5-8 
Setting compilation and fitting options, 5-16 
Expand all PT spacing, 5-19 
Expand small PT spacing, 5-19 
Gate splitting, 5-16 
Maximize packing of logic blocks, 5-18 
Setup Menu, 9-30 
Shared resources, 4-85 
Signals, equations, 5-30 
Signals, tabular, 5-29 
SIGNATURE, 10-166 
SIMULATION, 10-170 
Simulation, 6—1 
Command, 9-54 
Commands, 4-85 
Considerations, 6—7 
Flip-flops, 6-8 
Internal nodes, 6-8 
Latches, 6-9 
Output enable, 6-9 
Preloaded registers, 6—9 
Verified signal values, 6-10 
Summary, 6-3 
Simulation data command, 9-64 
Simulation design examples, 6-17 
Boolean equation design, 6—17 
State-machine design, 6-20 
Simulation options command, 9-43 
Simulation segment versus auxiliary file, 6-5 
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Software requirements, 1-2 

Special programming features, 11-39 

Specifying outputs in IF-THEN-ELSE and CASE 
statements, 10-6 

Splitting gates, 5-16 

SR flip-flop, 11-21 

Standard PLD Devices versus non-standard PLD 
devices, 11-3 

START_UP, 10-172 

STATE, 10-176 

STATE ASSIGNMENT EQUATION, 10-180 

STATE EQUATIONS, 10-184 

State-machine constructs, 10-5 

State-machine design strategies, 4-26 

State-machine example, 4-32 

STATE OUTPUT EQUATION, 10-188 

STATE TRANSITION EQUATION, 10-192 

State segment overview, 4—28 

Steering product terms, 11-178 

Strategies, designs that don't fit, 5-21 

STRING, 10-194 

Supervoltage, 11-33 

Syntax and examples, 10-12 


+ 


.T EQUATION, 10-202 

.T1 EQUATION, 10-204 

.T2 EQUATION, 10-206 

Terminating unused inputs and outputs, 7-8 
TEST, 10-198 

Text-based design form, 9-10 

Text entry, 4-4 

Text file command, 9-49 

Timing analysis for signals, 5-23 
TITLE, 10-208 

Trace file, 6-12 

TRACE_OFF, 10-210 

TRACE_ON, 10-212 

Transition equations, 4-31 

Translate from PLPL command, 9-59 
.TRST, 10-214 

Turning minimization off, 7-7 


U 


Using high-level constructs, 4-18 
CASE statement, 4—22 
IF-THEN-ELSE statement, 4—21 
Radix notation, 4-20 
Vector notation, 4-18 

Using simulation constructs, 6-15 
FOR loop, 6-15 
IF-THEN-ELSE, 6-16 
WHILE loop, 6-15 


Using state bits as outputs, power-up and clock 


equations, 4-42, 4-45 
Utilization, 5-27 


V 


VCC, 10-218 

Vector notation, 4-18 

VECTOR, 10-220 

Vectors + fuse data, 9-63 

Verified signal values, 6-10 

View menu, 9-60 

View the output buffer command, 9-22 

Viewing simulation results, 6—11 
History file, 6-11 
Trace file, 6-12 


W 


Warning F120, 5-37 

Waveform display command, 9-65 
WHILE loop, 6-15 

WHILE-DO, 10-222 

Working environment command, 9-34 


-8 PALASM 4 USER’S MANUAL, SECTION VI, GLOSSARY / INDEX 


July 1991 


NOTES 


NOTES 


4" 


ADVANCED 

MICRO 

DEVICES, INC. 

901 Thompson Place 
P.O. Box 3453 
Sunnyvale 

California 94088-3453 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
TOLL-FREE 

(800) 538-8450 


APPLICATIONS HOTLINE & 
LITERATURE ORDERING 
(800) 222-9323 

(408) 749-5703 


SUPPORT PRODUCTS 
ENGINEERING HOTLINE 
JAPAN 0-031-11-1129 
UK 0-800-89-1131 

USA (800) 222-9323 


RECYCLED & 
RECYCLABLE 


Printed In USA 
CPS-3M-6/92-0 
12379C 


PALASM® 4 Getting Started Advanced 


and MACH™ Workbook Micro 
1992 Devices 


PALASM® 4 USER's MANUAL 


VOLUME 1 - PALASM 4 GETTING STARTED AND 


MACH™ WORKBOOK 
© 1991 Advanced Micro Devices, Inc. TEL: 408-732-2400 
901 Thompson Place TWX: 910339-9280 
P.O. Box 3453 TELEX: 34-6306 
Sunnyvale, CA 94088 TOLL FREE: 800-538-8450 


APPLICATIONS HOTLINE: 800-222-9323 


DocVer 2.0 PALASM 4 USER'S MANUAL 
May 1992 


Advanced Micro Devices reserves the right to make changes in specifications at any time and without 
notice. The information furnished by Advanced Micro Devices is believed to be accurate and reliable. 
However, no responsibility is assumed by Advanced Micro Devices for its use, nor for any infringements 
of patents or other rights of third parties resulting from its use. No license is granted under any patents 
or patent rights of Advanced Micro Devices. 


IBM® is a registered trademark of International Business Machines Corporation. 
ABEL™ is a trademark of Data I/O Corporation. 


IBM PC™, PC AT™, PC AT™, and PS/2™ are trademarks of International Business Machines 
Corporation. 


MS-DOS™ is a trademark of Microsoft Corporation. 


PAL® and PALASM® are registered trademarks and MACH™ is a trademark of Advanced Micro 
Devices, Inc. 


OrCAD® and OrCAD SDTIII® are registered trademarks of OrCAD. 


PALASM 4 USER’S MANUAL 
i May 1992 


PALASM 4 USER's MANUAL 


VOLUME 1 - PALASM 4 Getting Started and MACH Workbook 
Preface 
Acknowledgements 


Section I: Getting Started 


Chapter 1: Installation Guide 

Chapter 2: Design Entry Demonstration 

Chapter & yy Wbttoatic-Based MACH Design Demonstration 
DIS 


Section II: Designer’s Guide 


Chapter 4: Entry 
Chapter 5: Compilation / Fitting 
Chapter 6: Simulation 


MACH Design Workbook 


VOLUME 2 - PALASM 4 Reference Guide 
Section Ill: Library Reference 
Ch apg BNTANN EC on 


PALASM 4 USER'S MANUAL 
May 199F 


ED 
Chapter 8; wall snd Schematic Datasheets 
MeCO 


Section IV: Software Reference 


Chapter 9: Menus and Commands 
Chapter 10: Language Reference 
Chapter 11: Device Programming Reference 


Section V: Appendices 
Appendix A: PLD Text Editor 


Section VI: Glossary / Index 


Glossary 
Index 


PALASM 4 USER'S MANUAL 


May 1992 


TABLE OF CONTENTS 


VOLUME 1 - Getting Started and MACH Workbook 
SECTION I: GETTING STARTED 


CHAPTER 1: INSTALLATION GUIDE 


1.1 PRO OTREMIEIN TS wisest ccc iaseiccnioed cecednpsencacavagshinceseaonteealeles dec seuteet oectsdoesdeltiatRaignusdenauacsaans 1-2 
Ute THAD WN AE te ea sacha scents en rences cag rsasse ere centsscaaw a deans seeneueeaees wip on aueen evita 1-2 
WG. DOR WARE ere crits iccctecceloaucersessans psyoncesacvaguns vadepsancesnaccnersaubiauandsaraiutecuanteacnaens 1-3 
1.2 ES dice ste ua nto es ice cen en napchaet casees acces land GabteeDscsaahe aban caute os adesinceaeseenaysaseogusaeassesteesioee goers 1-4 
Te2et) INS VALA THON oicakecstersciasc eer etic saseant ova eec cee ees eee 1-4 
V2.2), ‘CONFIGURATION uiesiesesticrerenscnecenseonncaiussetcteshaetaSecbaish enseatemiucboevaineetudiaitiess 1-11 
1.3 PIL EIUP DAWES caspeat cts dcitiiee e.pianteauscainct nape hdanicaSeaeastasuc vatavasmaetansevieancatoendeqadieSete see neater aaaus 1-12 
yes Iam 0,016, ©) cap cal Cr prtnrrt eeee De ier er re ner Peer meee Ree Ce tO er ae eee ene ene een eT 1-12 
13:2 “CONFIG SYS cp csi acicig tes es so netunteistvadatad deste Soeatu alee tsanenassesdesoutoanetseesetnguetiass 1-12 


CHAPTER 2: DESIGN ENTRY 


2.1 CREATING:A- TEXT-BASED DESIGN sescicsiiveicetecsncasiecucpecesteiiedc coccabatancl tec oreisinnmnecalanapeas 2-3 
2.1.1 BEGIN THE DESIGN ccscict ces cetovecdh vette ecu copaieo ic ixsiquerasieate et oaee aetaaaawioes 2-5 
2.1.2  FILLIN THE PDS DECLARATION-SEGMENT FORM...........:ccccsssccssesseeeeeeees 2-7 
2.1.3 COMPLETE THE PDS FILE USING A TEXT EDITOR...........ccccesccesesseteeeeeens 2-14 
2.2 SCHEMATIC-BASED DESIGN ENTRY scssosercossascescerctavnsvesacaaeeccusnesancedenessiasadestatervacdsens 2-17 
22:7 ‘BEGIN THE: DESIGN wie extenieioii cel ie nccneecstoscsnaiadddaeltidaasnts casnaeereteen enna: 2-19 
2.2.2 FILL IN THE SCHEMATIC CONTROL-FILE FORM..............c:csccsssseecssseeeneees 2-22 
22.3. -CREATE THE SCHEMATIC wai. epics snticriiaiucaenieoseacetaa ss vadec ta crenotesnasenetyassa tend: 2-24 
2.3 MERGING MULTIPLE PDS FILES Wen.cciccccccccccccceeosscnencnsncctecsnacscecsenetsensescsneaaseeveavanses 2-30 
PO SET UP crcaccecateeeiSes tcl ates ncaa cdi aetars aaecdoa as seu ene een omnes 2-31 
23.2 “RETRIEVE FILES oceania Ge eeainlee ieee 2-33 
23:3. RESOLVE CONFLICTS aiecacsisiscctes stoves siess iacettenwwts cine uncetaatelrnnss apatinonatereesoans ens 2-36 
234 WMERGE- FILES: sien cileiclcacskaieimeararsccetncistan emilee unc eee ate 2-44 
2.3.5 RECOMPILE THE COMBINED DESIGN ........ cee ceecesceeceessenteeeeeeesenteaneeeeeens 2-48 
PALASM 4 USER’S MANUAL 


i eh 


May 1992 V 


CHAPTER 3: SCHEMATIC-BASED MACH DESIGN DEMONSTRATION 


3.1 


3.2 


3.3 


3.4 
3.5 


DESIGN EXAMPLE 
3.1.1 ADDRESS COUNTER ..... ee cccsseceeessreeeeeessees 
3.1.2 WORD COUNTER ................ccccsssssssscsesseees 


3.2.1. RETRIEVE THE DESIGN... 
3.2.2 VERIFY SETUP... 


VIEW DESIGN FILE Spm DW ccccccccccccccseccccccssctececcsesttececcessssteeccesssteeseecssssteeese 3-14 
33.1 VIE CHYNPIT IC co ccccccccccccosssesuccessecceccsstsseseccessesssssestecececsesstsstiteeeeece 3-14 


3.3.2 
COMP DE SIGIN sdezc.usissricissssensedenusieet agp bedusascsadumwace dutncosadacaacagh stessavncausasesesndeae 3-21 


SIMULATE TRE DESIGN ss uvssiiencdsvadcstetcaacusedsctdeveseine sree eho debantee cade arate 3-33 


SECTION Il: DESIGNER’S GUIDE 


vi 


CHAPTER 4: ENTRY 


4.1 
4.2 


4.3 


OVERVIEW a aicccs Gs ace oite eins de eset thc en tava de depe wen davauesbveaal wualeusiodiauemeclaa vues 4-2 
ESIGN COV cates vseeandt oa tea sae shee dece ven seh ama haameentstiescpudacsvecetneeussat tacamadeaindsucenn 4-3 
4.2.1 PEE EIN VERY, ect esececsceenapasSveryyatenusdetavavesatsesassunevasuiiedsconsasuusducsnadeisieaaessa aesaeen eae 4-4 
A2e- “SCHEMATIC: ENTRY civescccecccccpcectssetiosansssicecesetnaetadateltivo tate niavebissepedeeiceen 4-4 
42.3 “COMBINED ENTRY METHODS éisssssssisacacciceciccscaaceceseetassiacedcacaeatetatesedecwseatonens 4-6 
BOOLEAN DESIGN: STRATEGIES ccxtieniaiieieneis aries is eicess dn esis eh oan 4-7 
4.3.1 OUTPUT POLARITY siassad, conse teonscaieacg scans cenes diausnanvvaecasauneoatar onde nwees aonieaeinaserreets 4-7 
4.3.1.1 The Two Components of Polarity ..............::ccccccccescseseeceecesesssanesceees 4-7 
4.3.1.2 Controlling Polarity from the Equation ..0........e ce eeeeeeeeeeeseeeeseeeeeeees 4-8 
4.3.1.3 Controlling Polarity from the Pin or Node Statement..................... 4-9 
4.3.1.4 Creating EQuIVaIENt LOGIC .scseisceds sideccesssinesadecicntiesacsecedsauaeectaeesaves 4-10 
4.3.2 CONTROLLING OUTPUT BUFFERS USING .TRST ...... ee ecccceeceeeeees 4-11 
4.3.2.1 Bank Output Enable icsccivisictiunccsvseric pete tense aon ieee aetna: 4-11 
4.3.2.2 Individual‘Outout Enable: cciccaccesasssicsctieeoneaveaneiessomirecrereneee 4-12 
4.3.2.3 GroUined Output Ena Dies sis iiis tee veievee eAssersen shinee wri treeetisaees 4-14 
4.3.3. CONTROLLING CLOCKS WITH .CLKF .... ee eeceseseeeneeeeeseseeeeseeeeees 4-16 
4.3.4 CONTROLLING SET/RESET USING .SETF AND .RSTF......... eee ee eeeee 4-17 
4.3.4.1 Banking Set and Reset in MATH DeVICEeS........ ce eeeceeeeeeeeeee eens 4-17 
PALASM 4 USER’S MANUAL 


May 1992 


4.4 


4.5 


May 1992 


4.3.5 USING HIGH-LEVEL CONSTRUCTS... cececsssssssssscsssssessssssssesrenens 4-18 

4.3.5.1 MVECIOl INOTANOM 225, css:Suceeivacausa tecnica asia ue Dela cancudta ces uaeuseunedsuaxednds 4-18 

4.3.5.2 FAGIX NOTANON sascciicsicussacencatsteisaaacniasa bin ebeuiaetnigee lect ecseteasoceds 4-20 

4.3.5.3 IF-THEN-ELSE Statement wessiccsstenssustneidnwh tie stesticca Oeste 4-21 

4.3.5.4 GASE Stale ment sss crores cavereiieeizsaee cada ceaatasseceecectaneateeueel ecenewees 4-22 

4.3.6 CONTROLLING LOGIC REDUCTION ........ ccc ccccccccescccccceseecescescesseeeeseeeees 4-25 

STATE-MACHINE DESIGN STRATEGIES ............cccccccccscesesesssessssessssseceeesecesceeessnesaaens 4-26 

4.4.1 STATE SEGMENT OVERVIEW vrsssscstess tccsiticesiacibabrscnciicipactviasecstaaaiaatenvints 4-28 

4.4.2 DEFINING MOORE AND MEALY MACHINEG.................c..ccceessesssssssesrerseeenes 4-29 

4.4.33 CREATING STATE-MACHINE EQUATIONG..................cccccsceccceececeeesseseeeeeees 4-30 

4.4.3.1 CONGILION EQUATIONS cccsssasss ioscan siacseiee chested sthdeaeeies eases 4-31 

4.4.3.2 PYAMSHMIOM EQUANONS xicecrcesihecescab ws iirsiiaecarsereiSccradeseacntealeeemtsiaates 4-31 

4.4.3.3 OULDUE EQUATIONS sesuiiasscoiceeelce tcc earested pst cee eee 4-32 

4.4.3.4 State-Machine Example..............cccccccsssssscceccccessssseecccscccesenseceseees 4-32 

AG4. ‘DEFAVUED BRANCHES vioicsictenectaciecaocarcePanevesaticcntqueduckoe Rincateadtseactoeseaiessonees 4-34 

4.4.4.1 Global: Delaults ax wiridatehcoedsh nissan teen amataseeacdets 4-35 

4.4.4.2 OCal DSA US 2 cassesteedavessan tessatectsuccsstucndeitstansuetadrcesdsueesiatanees 4-35 

4.4.4.3 Example With Default Branches ................cccccecsseeccececeesssseseeeceeeens 4-36 

AAS: ASSIGNING STATE BIT Sisrcreiiccecctecteceenrsstie a eae eas eeebvaneehiheeadadiaebaaemadenes 4-38 

4.4.5.1 Automatic State-Bit ASSIQGNMent ...............ccccccccceccessseeeceeceeeeneeeeees 4-38 

4.4.5.2 Manual State-Bit ASSIGNMENT ........ eee ec cceeseccceeseeceeeseeeseenseesnenens 4-39 

4.4.5.3 Choosing State-Bit ASSIQGNMENES ..............ccecccccccsseeceeceeseeeeeeeeaeerers 4-39 

4.4.5.4 Example Using Manual State-Bit Assignment ................ eee 4-41 

446. ‘USING STATE BITS AS OUTPUTS wins cctiicciccacecticedtvertaisaeececeetm teats 4-42 

4.4.7 INITIALIZING A STATE MACHINE ..............:c:cssssesssssececeececeececenneeeseesereeeeeeees 4-43 

AZG -~“CLOCKINGA:STATE MACHINE cazciseiccccscsvccesdiccdstecnconsectecoutednseris toaecaseteces 4-44 
4.4.8.1 Example Using State Bits as Outputs, Power-Up and Clock 

QUAN ONS: 6ecrdevastiesnatacaiuetassstonghlotetorachesuiwiceane osu Came ap eesrasnco 4-45 

SCHEMATIC VERSUS TEXTE NURY oi ticccc tice netctenedesieaneennatenenatensined doemwieeeansenns tes 4-47 

4.5.1 LIBRARY ANALYSIS sanstincuiiaciecsaats te ae vee coe Decne seteeeenmtceemneteveaes 4-48 

452. “SCHEMATIC PARAMETERS visicccntcisrcraasnsvcearann cat ttscnsnsaianatetis 4-49 

4.5.2.1 FIXING Pin LOCANONS pcsac2ais ce erraisacpteestah enn eni 4-50 

4.5.2.2 FIXING NODS LOCAONS wees ves ciedecsc insti cicas caress ecan vanvossausevyeaneeems seisies 4-51 

4.5.2.3 Assigning Logic to:a BlOCK ..cicceesiecccnescisecavaccaierivonaacntannteessdbatnnedees 4-53 

4.5.2.4 Controlling: MininmiZanONiciiiwisosrisadessdodciessasssosestancveastoatesscavaaawaess® 4-54 

4.5.2.5 Controlling SetVROSSl si cussions teckel anetucentamsnesareiavalormerennateonieat 4-56 

4.5.2.6 Deleting: UNUSEE LOGIC conic cistssiscecicnlanaae rieiddcavconsteseass masta totes 4-59 


PALASM 4 USER’S MANUAL 
Vil 


Viil 


4.6. 
4.7 


45.3. (DESIGN DOCUMENTATION sissincwcasseiccnsigscetaxesisnsndinaspuectvaceeatadacdeatatcoeseeneti ae 4-60 
4.5.4 CONVERSION, EXISTING SCHEMATICS TO MACH-DEVICE 


ESN stewie saeasscatceunehe es wag ecsasoueteacsnonveusvaacas oticv ence ae eae amavietet eaters 4-62 
COMBINING SCHEMATIC AND TEXT DESCRIPTIONS 0.0... ccccsceesesesesssssseseeeeees 4-64 
MERGING MULTIPLE: PDS-FILES ic. cacstvinsccarscunnddeseuics cast sanadededsdevsteoazeatveswasariencsiasoacvand 4-66 
4.7.1 INPUT PUES uissgss os iiotas ta sacs esses sacs nae aitcsacains dada oa secea teers bads creesuieoedieks 4-66 
Ade: DESIGN EVALUATION ve cecgetescescteleestnetnoetiwstestetccccuticctepeasemeseaeteiawtdeeion nk 4-67 

4.7.2.1 COMPAtIDUNIY.sigccascoe is oncatetesiesets cha devesiee ead ccdntesievsaverediadodt 4-67 

4.7.2.2 Inputs, Clock Signals, and Set/Reset Control............ccccesssseeseeeee 4-69 
BTS: HGUIDEUINE S yasicers cote vac ence coosstonnatuldecteavadevavelonesuetsusbs laccauenvabeasenaouiencieacacivwed 4-69 

4.7.3.1 SOU UD Gahiahoacact fantasia season ediane de lester eee eee eihac alia eerenteinnices 4-70 

4.7.3.2 FIGWIEV OIOS cases cecaneetcactisnt seca sanesageusasertecuuseatenssmuousoncenneetmeees 4-72 

4.7.3.3 FRESOIVE: CONICS ica ity easetehsarenatelearsd vet sancesatacaa nei aearsmaadanseeea 4-74 

4.7.3.4 WEIS FIGS. catpscs: 2) sesesserstesnactatatarcu ncuseenqwerieseetagoesueneaeaatucans 4-81 

4.7.3.5 Re-engineer the Combined DeSiIgN ................:ssssseseeseececvececeeeeeees 4-84 


CHAPTER 5: COMPILATION / FITTING 


5.1 
5.2. 


5.3 


OVER VIEW ic cceusioetesrasct Jaa teoeicicaec cee ateaasuceorocn sucenasdaaaquacece uedane sauawconecasscujaues ncepbesaautecoduesyete 5-2 
VE FITTING PROCESS iis cak tee eebeuszcetsssatsiets decenscectnatundetieteiaeantessauaiawssd connssoeosiesseuoreevetes 5-3 
5.2.1 INT IALAZA TION csscers cate cte nak cols vetcaes dovesues Maceet dak tous aeieishcsiesauebanas caedadeetaatdessnas 5-3 
S22. sBEOCK PAR UCUMONIN G orcs vssssistuersaceeseutursoecdveceoveseiauteiestsaisivtectimaciasetreaigencenans 5-3 
5.2.3. ~RESOURGE ASSIGNMEN Tikeickccciteudinkiiienciaen a a 5—4 
DESIGNING: FO FUT itoccctevssicnteinticssaussnts ence toavnscensttesseuccaeons sactendtettavtouds at vendsetsbiatectasmoteeare: 5—5 
5.3.1 MEDPHOD OLOGY. ssccetscirtiaserreetitiecedet eerste ei es 5—6 
53.2 -ANALYZE DEVICE RESOURCES sscioseccoseccs ottes cancd vader decscataseii scents pavecsasgsiinseees! 5—7 
5.3.2.1 GIOCK: SIG al Svcs cee ectte ca ab eccaeeahass tines dead itecentaetateecouaaezast 5-8 
5.3.2.2 Sel AESCl-SIGN aS cassis vasristaceniartincineduasnduma den eusseecssehtnisenwentcensGucs 5-8 
5.3.2.3 Macrocells: and 1/O PINS sesisccheitecestcevee wetodaoscaeeccunsavereececnersegatarsiewsters 5-9 
5.3.2.4 PIOGUCE TOliMS seuscirsciacecccecercstetaciessencccia ib neaketnenvoudesnnrseueuwiee 5-9 
5.3.2.5 INtercOnNECtiION RESOUICES............cccccessescccccceeseeecceneescececeauseeceeseees 5-10 
5.3.3. ASSIGNING PIN AND NODE LOCATIONG. .............cccccccsssseeccssseccceccesseeceeaeees 5-11 
§.3.3.1 MAIO LOGIC: FUNCHONS .siescccsts siete ess ciaietag aastameitaderdeteetageladeeesess 5-13 
5.3.3.2 Large Functions at the End of a BIOCK........... ee eeceeeeeeeeeeeeeene 5-14 
5.3.3.3 Adjacent MaCroCell USO iss sccisse ech decnindeceusiececseuaesdesatv Genre awidceiencced 5-14 
534: -<GROUPING LOGIC cinciinaniuiarscisaneGeeas tenia eee 5-15 
PALASM 4 USER'S MANUAL 


May 1992 


5.4 


5.5 


May 1992 


5.3.5 SETTING COMPILATION AND FITTING OPTIONS uuu. ceceseeeeeeeeeee 5-16 
5.3.5.1 GALS PUTING iis sin ocenstcrorasdiaeatssereesisesttiante eae eda iececeiione 5-16 
5.3.5.2 Maximize Packing of Logic BIOCKS.............ccc:cccssssssssesecsssssveeseseees 5-18 
5:3:5:3 Expand: Small PT Spacing sciiiicsinccssectsisiuinccsacds nateerensertanxdos 5-19 
5.3.5.4 Expanc: AILPT SoaCing sess swersscacevecncusunsecensaeuacteeieteaiasse tices’ 5-19 
STRATEGIES,.DESIGNS: THAT DON'T FID siccceiscsciccccseccesislenavdvtaiswutalecdet casecvsatvancaceaes 5-21 
5.4.1 MAGA OF ND ssacecianesunhnasetiahacebocsntaunesiesevesacsnrwindeeodacessedentaouniesissueanestnanes 5-21 
5.4.1.1 FTAGS 8) SOG be sea cats a yck tat everesiasiatocaptsy leas cuieswiavsseuitiuelwieteecneect esau: 5-22 
5.4.1.2 Pall AM Aly SIS eas elacdcccccetehicwndice ss canetunnmnbed nets ote utmecetanaeecndaaeleushns Goaies 5-23 
5.4.1.3 Pre-Placement & Equation Usage ChecksS............cecececcccceeeceeeneees 5-23 
5.4.1.4 Timing Analysis for Signals ................:c:sescscceeecececceceeeeenestsreseeseeess 5-23 
5.4.1.5 DOVICE*HESOURCE CHECKS aise ccescnvose.tacasienciatwayeustuancedsineiunceeeveatendenes 5-24 
5.4.1.6 BIOC PaOMiING isitscea.scstoeaiscenndssveteiavtatesnsaiuceoacetevenabncasanens 5-25 
5.4.1.7 ATM AMON cextvehec ves Maca cch ctu cciasweasnceeseneaauec wast se ece are ntee sent ae 5-27 
5.4.1.8 ASSIGNING TAOSOUICOS <b eartichewttlnteeiiiaiiaseenietie 5-28 
5.4.1.9 SIGMAIS < TABU at ere auiscratesaistctveed scatvaenvecedualdeelasuakosedtsduedeiroaneteaaes 5-29 
S:4:1:10:. Signals, EQuatlons sessissievvessethosaenccdec eeu incre Oeidece dest oemadn sane 5-30 
BAe. “PECIDACK Wa escoscade saqecsatencscachdesvunesanadaadvavewveusseasiasseiuavecsectaoenutens 5-32 
SA Vile? “LOGIC Map existe ocetete hoa lads oi see he eater eee iste emer ere ete acess 5-33 
SANS: “Rina: ssss.tiactetoshethcvs co lewiawiacetlave ieee conse aceseememees 5-34 
5AATE. -COnn@con Stats .cicipeccccisviscieisiuasticoeicurcndetirecelianieietinnceias 5-35 
5.4.1.15 Output Files, Errors and Warnings ...............ceseeeeceeceeeeeeeeeeeeeeeeeees 5-35 
5.4.22 INTERPRETING ERROR MESSAGE. |....0.........cccccccccccccceceeceueesseeeeceetereeneeees 5-36 
5.4.2.1 Marginal Block Partitioning Measure, Warning F120...............00. 5-37 
5.4.2.2 Partitioning Could Not Place All Signals into Blocks, Error 
ot 0 eee earner eee renner nT CEN SRePay Oren entre prreere ce oirr ee ar Teen freon thre rere: 5-39 
5.4.2.3 Product Term Distribution, Error 610 oo... eeeeeeeceeeeeeseeeeenens 5-41 
5.4.2.4 Not All Input Signals Were Connected, Error F600 ..................08 5—47 
5.4.2.5 Connection Problem (Wiring Congested), Error F590.............0... 5-51 
5.4.2.6 Mapping Difficulty - No Feasible Solution, Error F620................. 5-54 
5.4.2.7 Procedures For Reducing Logic Complexity ............:s:ssssssseseees 5-55 
5.4.3. USING DIFFERENT FITTING OPTIONS ........... cece ceceeeeceeee eens eeeeeeeeneeees 5-56 
5.4.4 CHOOSING A LARGER MACH DEVICE... cccccccccseceeeeceeeceeceeeeseeeeeeeeeeees 5-57 
CHANGES AFTER SUCCESSFUL FITTING ooo. ecccstettscstrecesseneececeececsaeeceseesees 5-58 
5.531 CHANGING THE PIN OUT vsgesscceeecesice etic ca ceaciet rear a nites easenaentavnannade cae. 5-58 
55.2 “CHANGING LOGIC waiictiiciestinsanter sett sedi nelav ccc sainatacticamneensaieesimenens 5-59 
PALASM 4 USER’S MANUAL 


CHAPTER 6: SIMULATION 


6.1 OY EA EV scecstaesan sn utnceades ssa acanca tind caceansuoaisatroesseasenuseseaseeasasaveiubaeavessuovaseuoesuseessanaxteteaest 6-2 
6.2 CREATING A SIMULATION | FILE ccucoese es ot cesieasesicencuceeebeusedswactedexceacbletenceecueealsoacnateuse 6-3 
6.2.1 SIMULATION COMMAND SUMMARY ..............ccccccsccceeccssecrscssssscssecssseceseseseeces 6-3 

6.2.2 SIMULATION SEGMENT VS. AUXILIARY FILE ..............cccccccccececsessceeeseeesesees 6-5 

O20: 2CONSIDERA TIONS :ciccvisesciayssasewssauscesetaccensessseivntvaysadstencsorsdeanieayosddiossentsewenes 6-7 

6.2.3.1 PUNO FOS sist ata seetnt catcher eacouractusuen sosducdenerssedauedeavsturvarmuedocnieurous 6-8 

6.2.3.2 IVEGMal NOG OS fx. diaeectocenesbis tees neauibad avdessaed nasa eteeeb auetoncceatabectactes 6-8 

6.2.3.3 LIC OS sacuscsacassiaiacsintensenceucecs :lauanaseeanpanstaensasusucsonseasuatercasadeeeotansinees 6-9 

6.2.3.4 UTS EN ADIG ecvec acasescncvesecauleca sana ca osu vaseewscnavasascavancedesasawneiaeeeonsee 6-9 

6.2.3.5 PREIOECEO HEOISIGIS pices cscuseveeed vatassevereeasiannsOoahcivexersseulestsoncadowls 6-9 

6.2.3.6 VENNEG SIONal V AIUGS®..ssccsseesedodanesenecsoscsvvhauccaastacvoaptiaeecsensaaceeneecs 6-10 

6.3 VIEWING SIMULATION RESULT S wise sijcacecesiieGiiscecesie wa baeroee tins aiacenneoasctosehieduavaasteanes 6-11 
6.3.1 PU POOF Ee sateveccatite cvaersenenas tons uscuniscsesian vs ddenaue lesa vuaeedeeacetas ete Wee cuaseslanesenees 6-11 

Gisec- AAG EE czas casscsataes ccs scanneanntnevecenspabsacsavadeaoinds nu udewiasacermecaeuindevtacdimeaiveiees 6-12 

6.4 USING SIMULATION CONST RUGS iicce asst sccesudscescandeisverioucaeasdessvbaatcbacctonccnescocessenss 6-15 
6.4.1 FORO OP areal leases ue scl acd datectsvleb vaca esa scare sbisuaanc ae Saamaterec esate ie 6-15 

G42 WHALE OO R iscccte cases aacsieececscenawis io sasuat ales Guccenntcgaedussseownsuvsecaceoneenseonenauecuteetas 6-15 

GAS. NPE NES reece ohireeusctendinecesstredussseasgatesha coe bane ateeceustunnese Siuaveseansneusersoesiees 6-16 

6.5 DESIGN EXAWP ES cawcceiss co cscctctosscivcienteushaceteateyRiaiuiecene eee hace ealsaene aabaea a iaa iesteawl oes 6-17 
6.5.1 BOOLEAN EQUATION: DESIGN x3. ccecceincniici ieee 6-17 

65.2 “SIATE-MACHINE DESIGN cnccatratiiicc leathers outa 6-20 


MACH Design Workbook 


PREFACE 
1 8-BIT BARREL SHIFT REGISTER: 

A DESIGN WITH NUMEROUS INTERCONNECT S.............ccseecessssssssesscencecesseeeseeeeeeeseee 1-1 
2 TWO 8-BIT COUNTERS WITH A MUX: 

A DESIGN WITH HIGH DEVICE-RESOURCE REQUIREMENTS. ........... cc sccesserereneeees 2-1 
3 UNIVERSAL ASYNCHRONOUS RECEIVER / TRANSMITTER: 

A DESIGN WITH SIGNAL GROUPING REQUIREMENTS... ccc csssnseeeessreeseeeeeeeeeees 3-1 
INDEX 


PALASM 4 USER'S MANUAL 
nn 


Xx May 1992 


VOLUME 2. Reference Guide 
SECTION III: LIBRARY REFERENCE 


CHAPTER 7: INTRODUCTION 
7.1 MACH LIBRARY OVERVIEW 


waa 
7.1.2 
7.1.3 
7.1.4 
7.1.5 
7.2 LIBRARY CONSIDERATIONS j.....sssssssesee 
7.2.1 
7.2.1.1 
Bn 
7.2.2 Ee, MACROS 
POG: WININIZA TION easton cas ce es onaustaisiesn.i ton taleetaiee Bam aeheenetcat 
7.2.4 REFERENCE DESIGNATORS ...ccsssssscssssssssessssssssceccctsssnsesseceeesuunnssseeeeenee 7-15 
Aen (C1. RAY ene ee ee ee ee eee nee ek ee 7-16 
FOr PNINO TAME OA ASH ey ureteric tern ra rune acett aes 7-17 


QUICK REFERENCE.............. ey {nuel iL ace aoatea es tscas ee et ase sietatad eee e-1 
DATASHEETS “sse° haat ee ese iosceagseseacs tobeseivint ce eaten eee ce 8-18 


SECTION IV: SOFTWARE REFERENCE 


CHAPTER 9: MENUS AND COMMANDS 


9.1 OV ER WIE W ssasuisisesuissiessciesaneuoms lcbsewestiatede cc taeh viet sath tect pues bsctesd gabe ainenaen dts decal eanaauenosean Sees oneaays 9-2 
9.1.1 FEATURES eraseecscvcadeaninayseiesac pieces von oer cuoneh vase ou aaasaaleasiceceanvan tahadseleusbeneudbaaenteaivers 9-3 

9:1:2 “CONVENTAONS wiics recs iacdciuncwssencocestodaadaideawecascwesecshetaaehedeaceenaure nsaataaeacaeeetexteave 9-5 

9.2 COMMANDS AND OPTIONS eessccssssenzec en cccstssaciinie vonsa ves teesnadedeiesenaoaaueassectsiosetbabsenieeeg on 9-7 
9.2.1 PILE ME Naor casts steveb cotnaraaivcasateniondetawpaiacescutebaadis Shap ensatccdohawagtaneqstesdcoteneescers) 9-8 

9.2.1.1 Begin New DeSign ............sssssssscesssesceesseeesensecesenaseessnesescnensesseenoes 9-8 

9.2.1.2 Retrieve an Existing DeSIQN...............ccscssscssresnesseeeeeeeeneneesenseeseeees 9-15 

PALASM 4 USER’S MANUAL 


ee SS 
May 1992 x! 


9.2.1.3 WieIGe: DESIGNEE NOS. fii ceosceih tucshesetsse.chiel Aanesvatevadanea oeeseee wens 9-16 


9.2.1.4 Chance Dire Clary. c.g ss sioresceaa seat iad oavetiacelhccsadi cecavevediasaatevedtuceinseoas 9-32 
9.2.1.5 Delete SHSCHIOG FICS forecscisceresess oii so2 sd aecrwosisacconseeeseghesetoeetuatoss 9-33 
9.2.1.6 n=) GL | 6 FARR SIR nor ne Pr OER PR Pe ee aD 9-34 
9.2.1.7 GO TO'SY SQM a fesseiceclccenvccsseicrcucvaistaensnoetastabetasoslonemae nae 9-48 
9.2.1.8 NI caissiaies sees act cas coun vas ecuuiasticvse cuansdatsscawie tas eduscassecuaeaseatiadennetecuaiee: 9-48 
Saami, ct) RLS, | SL 1 Jee rn eo ane ED CID 9-49 
9.2.2.1 FOX Fri a aeeuaxeeasestsss aivascaseuecs caterssubsetstontvasoesst ce jeatiassseetce tesa acecesteh 9-49 
9.2.2.2 SCMOMANNC File .ccevresoaeve scenes acces Geliaitehgeds occa aiusiendiesate vex eoks 9-50 
9.2.2.3 Control File for Schematic DeSign ...............ccccccsesesessssssssesesereeeeees 9-50 
9.2.2.4 Auxiliary Simulation File..............csscccscscsssceeccessssescececsescesssenseseeseees 9-51 
9.2.2.5 UNG FIG heck vaste etoccshietacony ac teuntecgiduvelt vs eatlavivasser sels uindedsieteeaees 9-51 
S255: ARUN IVI od assess sete cck eins si ba tuacavauns teseeapatalavi Seniors motaemiate sean wiveeens 9-52 
9.2.3.1 COMPING: vis. ccctaesssceueccwassanvdueedasiecssanecsesasuenceesieuudedsatssossncossanereueauees 9-53 
9.2.3.2 HTM AUO isd Siew estesbae es eda eewateca eta os cae tine Sdeadeads Desc desdatleetaassetiaceass 9-54 
9.2.3.3 ESO irssaagpeaiss DapsGrassy sitet ea tente cots eae Saaewaswieasaer iowa auaticaseren es aetumenatonanee 9-55 
9.2.3.4 OMOCE ODS IANOMS x sisstcihs reid iessel Dies wcroadenietineheccl eseencanceoaeweneubeeres 9-55 
O24 WIE IMEEIN Garr chek ceaece ene saccade dae ees 9-60 
9.2.4.1 EXCCUNION 1.06: FIO isssessctpeicuns dodeecoraces Sescevcssdtesacelfunewitadaosnocusaadavedes 9-6 1 
9.2.4.2 DESIGN File isa sin tints wectinecate ites reste aaeee ee 9-6 1 
9.2.4.3 FROOO IIS css os acri canons causatan cesses cds tennsanas anuciaswcwual ous dantaeteapatutes ice ooiee 9-62 
9.2.4.4 JE DEC DD ata vse ecccteaeetieci ver aki vrcsceacdicictiveet seein sesiins eee csepiteics: 9-63 
9.2.4.5 SMC AON LALA: &..cvatedaaseincseveaccaeesuatocacscuadaneatapevseseeaetesndesedsouitecnes 9-64 
9.2.4.6 Wavetorm: DISDIAY ii sasics suc csaisdecsgeeciewraverasaddiveicvendavaceracecunsenseuateseaes 9-65 
9.2.4.7 Current Disassembled Fil@...................cccssssesseseecescessseseeeeeceseeesaees 9-66 
9.2.4.8 PMO UE, iid ec cies sistean cutestvencnaiutiendsdeete tect ee encct.eseusdteceneeseoaee tas 9-67 
9.2.4.9 INGUIST ROD OIN s sicicte Sota ex consciccte ah ml etre Sevnie a easenieeensas comes 9-67 
O24ANO; “OMe File dibscixciecestctsncsscudsccecgusestassaictscevevauersertiaconastiounseiseceteateiietes 9-68 
92.5: JDOWINCOAD MEN cx cess ccstvesiiviacciesuccsnseeuenessetesactocsnvoetens sigreaseulouetstenteeise 9-68 
O2:6- DOCUMENTATION MENG jaiisseveoeicctesccciec est taeinetiasievadeiciete aot t ecdanss 9-69 
9.2.6.1 IAGOX Of 1 ODICS 2k ses cseceens sees sadencncasteebsnscd cede sideshecaneosteneummavanteceueteecs 9-69 
9.2.6.2 banguade ele Once x .iiscasccteci scr ciecotantunssdesactanlnscevace codtcsueVondansien 9-70 
9.2.6.3 PACIO ON EM OUS sues sian eaeeee eg eacaccsuacete eae tesees ae aac seatcasnanaena ens 9-71 
O27. EV SPOR ABE agian cacatttecnticeudenctretattnteensaiutes ieatna tie esate she siedab eevee 9-72 


CHAPTER 10: LANGUAGE REFERENCE 


ON AVI WY wcsaciivtiscauitent up dinteste bd cenubeniabot Son Receatat de mianddeedeéetstedtap wiavohbundesnduvesdsaneaeadonsumeccaeadedsmnssentelnens 10-2 
BOOLEAN-EQUA TIONsELEMEN US wssissdersrpcaesucbeh lyin susysvureci fda sxdiacatentsnartininseesiecentv ease 10-4 
STATE-MACHINE CONS RUCT S wicucncnctsbccsnaatecesvesonnsebaes ivesatinsaalesbadctestassagnpedesiarenseeuenns 10-5 

PALASM 4 USER’S MANUAL 


May 1992 


SPECIFYING OUTPUTS IN IF-THEN-ELSE AND CASE STATEMENTS ..............0008 10-6 


SYNTAX AND EXAM UES oescasaeiesdiszteatecetescavenynaceyveeseheetiands Gist iasts seein ca aaaats 10-12 
ASSIGNMENT OPERAT OP ajecciciccs cose eusinscraised sl cadsect ois escsetatdedleiaaaigencuacantcssscoasnanietiaeaddeierins 10-14 
PITTA PR cckcsco.ovoceatevaciscmwatancewtincapsetuicnttutiecsinueeaeeasetussenencayaunencacedsaveaeuaeesansaceterwuni seas eenaaoneataae 10-18 
BOOLEAN EQUATION aacancpccsavaseatecaueaseihueacvateupie ec otecetoweeudea i svataru ean teeta tina ro ech steustGaaceaaedeeeeene 10-20 
CASE vases ese eat sagen acentevexach edness Settee urease aa dagats naa nae nanan 10-24 
NN ease epediaae cesta cum atect tatty ayatslaastven seu meget bes aus saa ddateh once acta tensa ana catalan tonaennn aiauancse 10-30 
ST GIRO rdesacia ast ger ase vacate sae deanaatsage sacey aatenuasua cea seeacsuvausceusec os nccuneinenteeees sce ceaauorie tina acon aacees es 10-34 
CO FAD Ie vata sensu aa ate hase date sates eaten Sabeeiies von oecateaeesancagey Uieassawtaubatl ae ate te atanetceadenaves eemaetstumalanlanes: 10-38 
CLIC cass cscticc yes ceacecati den Sueur ieiatettars staeoesshn csi ayeeseustuatesin ducestans puaseuscun decay seco ween cor seateetdsatenane 10-40 
RT sea seit vse cad vag especies cases usenet nesesaus aeaecu seus pnete ne taueeeanet mayen deta penance einen ea tande. 10-44 
COCK i.stamusanenasuals,teacasaaucestisseavacsdeodisuusa cea ienaeta assure uateaa un egstcosteusteseascnsiamaatendursancceeenneuaa: 10-46 
OM BE eh csc pinatize be stuees ori cecinccs a ieee ea stca caaivbca cavyg Cteuga vane duaaetueeaseles Nand cs dia viral vehanitea Netter satstasaraeesuet 10-48 
OIE UNA ORAL ce ccisaccats ecu esesesiesersels alse clita daenanin tabi twat edlisvdanosedtnaaotesantee rs tuane wore eincatowtucdens 10-50 
COI INE aes haa dea gabases este acisbia ties castocsaatlaiepian data ea ais teeat ramen adienn saa eaventta weuere einen etocwn: 10-52 
OVI INV os tieet tscrearte icc eestict tGnetscnlec dunes amemesan ed etambecuna ue vaaunaa eauawanctiadn vo nteaseds saan anes De oveceanans tutes 10-54 
CONDITION S soi cha occnd inc treat es tonedeswanchcus de bhaaee cele ass pede chine vane aeri dele ieteteyhbel deaseracad egraesadee downeaeacaiees 10-56 
DAE asec sss csns caadctacda iene cansnatecacancovaguatsaulsh oucenuidsoisvaanag usa sadeaas extn stsiewm tac n et wavinecaberetuiegeeeeaatean 10-60 
DECLARATION. SEGMEN W sgetceosxsuericuses chtiatoxicune tenstzovcvanaatas sess odecseasiss sacegaesosereaudanaieaee Gdns 10-62 
DEFAULT: BAAN G Hiss teccetsca di co Susse ttn soiece elise Reoeatse il na Pawan tin daaksrn satel desler een 10-66 
DEFAULTOUTP UL ecttccceuchiesecscdenccachicvesinee tendo us Geren ananetes Cestnemadetetuarcads a cancern sueeteeeiGacus teen: 10-70 
EQUATIONS SEGMENT ces lesvcckbacrtetdraargacunteava ses eevasudeateavistcebeg haa etemeaceateseuaeouarentaaacaginadsdtens 10-72 
EES SION cia pera ca ahs ooh ea Sava Sata sac ew so amsa eas wen eceaahaiee nace ates weg eesd vedanta nnicests 10-74 
FLOATING PINS AND NODES s6..izcctsieewatetand.sorstsutsssereeechesepiat ocamaeaeisena tages aueauscotanesh 10-78 
PO ODO saat aisha is anlonvenas haa es esp dineea Tease ncecanstamseiaee ee ca et Socata icin saddens emeeeeas 10-82 
PUNGTIONAL EQUATIONS sap ces setavvsteesis pode wtens cate coetuchueccer seeds tinaace saad auan ausnooni enna nacviandeaaseieeiniaes 10-86 
MUN seeps pace aacaste sess a rtad ewan od Gp aenrcieeecaeenebse ohana vecaonanendteadeie astuasuhous eaeonmenacnmmeAea cue: 10-90 
EOP ss ssaseaio scsi ia iscasuattentsn ate eetoccesqducaeonca oven coe teis sae cna annuoas tutes votasaa na tuabatueusyams alhad Goumlaness ieeacauanvene 10-92 
IF-hHEN-ELSE, EQUATIONS coos cesescts coded eeicenpissnduaacatciderscc easesenbeciayectssaaawaeliwenestsnmoeatvesdenstee ss 10-96 
IF=THENSEESE SIMULATION isacecancctigetichanncavicestamerSutnsccadeved Saativs aeiassavadedeeptaaunsst traalvewasetneowatens 10-100 
id ECU ATION soiesss ceases asa Sieaceesekitin aectateiatawen taitacesce tna taee i toasted eneeaeabautea eae eter seeneteautuauainy 10-102 
UR EQUATION sescuseivaecntasateeeincts ives seas aectuetinchion soptensSenaasunacastinasavteanasgentwntetene dereheraensesvonnanins 10-104 
LAT GE Drees Se Gace ochiden se bac aciovasininte ant Oo sevanesoun casa calanea euisnney cosasievodeaa meee oanece san sadeeens audeeud ach yannaneieteess 10-106 
LOCAL: DEPAUGET resevncecscuipsesstscncinei tiaceapiet cuamccrncnenbdied encdiendtsnuetenunescondoates ess netsguda a mmncaetees tease 10-108 
MACH: SEG Aric ics tidcataiscacdbcdiantotsa cetasdentesieeeeredves sacdiesssueasucensteannawebanableaupegedenstosdersebionsedceatee® 10-110 
MASTER RESET .....c:ccssssersscscessatccessssonescvossecssosassccsosonesessesssenseantaesooessuaseresosevessscsassorsecnsasaees 10-114 
MEALY MACHINE. ..........scccccessssstecessssrecesscseeccsnseccesssonecessansnsessnarevaessssonuocssenscesesacsousoecnessaaaeees 10-116 
MINIMIZE OFF .uu....cscccssccececcessssessseecsssecesscecesssssseecessceansesensscessnsesssesescnsesessssceeneceenaeessanensaneeses 10-118 
MOORE _MACHINE .u......c:ecesscceessesesssccesseeceseecenseeseaeeeesaceesscecssceesesesaessseeesasecnsescessaeeenaneasanen sages 10-120 

PALASM 4 USER’S MANUAL 


May 1992 xil 


0) | 2127-4 6] 2 eee nent eae ere) eT a en dae es ene ere eet ae ne eT 10-126 
(|p een One ne eee Ce enn an a eee 10-128 
OUTPUT ENABLE ccs cette scttca tiie nites ee cpmete ees euaeoe ie eee ee el oe 10-132 
fe |UWz1U RU” | O1t  eenne tree hee terme anne mee ent on ene ee er ote ee TTL ee ET 10-134 
BP sce ace eee ace etc oc ase psec eee oe 10-136 
PATE EN ioe de cect cneeete et cess edseaaitect aeastesosnaete neice dadhen dint adites teacectied were teat els 10-140 
BIN cea east chee casa sesees Ree ceeded eee 10-142 
=] 2) ca) beeen Re eae eee ET eSEEDE ear aT Te Deeorea peta man he eter rene ear cet eR Ser ete 10-146 
BD cece sete sateca eects ae dacasia osu e see etessaedi gis tiie eee eee le oad ee 10-148 
FP cnt asec beeches oa hace dered ac asters eoten tee eeeeestae veces: 10-150 
HA OA TON gee teat ctalc a coset tessalceee ce tueseuenctianctisedee lena together tse aie ees 10-152 
BIG Ue SD erect eesti ss ea ne eee eee na eorteted 10~154 
BESOIN corte aes recs eect ecltea here eihte ae aees 10-156 
BS Ur ace desks cance te acne ete eee eco cara verte te semee icra ait dese cia 10-158 
Bs =10)(6 4 (© |» PRR REE eee eae Ere TERE Cones ENE ER ane eR eer ene aoe 10-160 
2 | ae ea ae nee mE ee ee eee a Oe er 10-162 
21 | ene ee ne re Ee RE Ne ee eee eee ETS Ue Renee Te mR ee SN COE 10-164 
SIR sess secession eset sete tek te Steet ate ieee ne 10-166 
SUE csesacs tes cs ter ceagcetsrcacicses tas trtceces cass coax cats nsr teres sea comet ee ee 10-170 
Tt Ie sree cae cecetesloesnce sete caes vce fe stermsciaecceeaeestonciv eased te dos tsieutene tatters ets 10-172 
Se rakes cece ee haere cece cacao eee at ten deers incendie sates &: 10-176 
STATE ASSIGNMENT EQUATION ....ccccccscscescosssccsecsecssecsescuscerssusscsescecsacecucsassucsnseesenecsasesseaee 10-180 
STATE EQUATIONS scsscisccsestivenscnssicvecsnleekieeniccaeearelialaiaetic eine donated oedema: 10-184 
STATE OUTPUT EQUATION sczschscasesnseessagesdensadcanteesuassueeningertencteneeiseemneeiulacianasenesistaan 10-188 
STATE TRANSITION EQUATION ......ccscecsecsccccseccosscsececseccesesecssessescecssesucseseseesuccuseseenecetvenssaes 10-192 
TN Secrest ceag acces eects fas Pees aetaatenie acess eauche acdsee enletaen en ctete eens eee 10-194 
SSI hace can tentac ce tle eats RCS acs ete eee Naa ate aati ean aheseegee Ava essences 10-198 
Se OU A Tel OU cce ast cettecarceeantecadneseeatacteasctesebecta) aanen ites eee eee ents 10-202 
STH OU TON sede catc vaca ata cap aesdsterosgeae icnetetastsl ae nae ecco tetas 10-204 
AION aseeestcastescatetets atte onic ana bette ee 10-206 
OUT ee pees cence ececa ce cctoe ese ce cede dieses eres cg sea 10-208 
Te recesses tects cts ode essa ete 10-210 
dc 7.61 =| Sener ERTS men ren TRE nT rete nya M Mem Sen: ane 10-212 
STS sects cece cet eee teres ee ee 10-214 
116 ene ee ee eT Rn Te ee ere ee eee rn ert rere 10-218 
1] <LO3 [0 2 Sean EN Ieceee ad nee neem oeie Cneeerere nee reve ray nmr On mn NR Ee eS mee RESO Te ote 10-220 
MTB acces a ceasteescesate et Sa alaec settee eect artes et td 10-222 
PALASM 4 USER'S MANUAL 


XiV May 1992 


CHAPTER 11: DEVICE PROGRAMMING REFERENCE 


11.1 PEO INTRODUCTION ccrssevscsazatenst ateiet es cethmeate tee rrscrstceaauolins tes aileettla da deasaiiaceneeates 11-2 
11.1.1. PLD NAMING CONVENTIONS... ccc cccsccccsccsceseecsceccsesessesesesesseseseesenees 11-2 
11.1.2 STANDARD PLD DEVICES VERSUS NON-STANDARD PLD 
VCS aaah oalestae rane een tare an pnb ies ecende ctor eeedecswcortiencieveasaus 11-3 
11.2 DEVICE FEATURE CROSS-REFERENCE..........cccccccssccsssssscccccescsccscescessevesceeseesececess 11-4 
11.3 GENERAL PLD LANGUAGE SYNTAX ......... occ. ccececescsesssscssscssesssssssssssenscsssssessececeeeceees 11-6 
11.3.1 OUTRUT-ENABLE CONT ROL wis sascsesacsingiitescusidestiicinndadversstaanateteodiald oesoemnies 11-7 
11.3.1.1 Common External Output-Enable Pin oo. tesssssescesceeeees 11-7 
11.3.1.2 Individual Product Term Control ..............ccccccesesssesssesssscsseeeeeeenenes 11-7 
11.3.1.38. Common External Pin or Individual Product Term Control........... 11-8 
MisOe2. “SUOCK CONTRO bessikeirctatene ret snccantinst ewtate desires sabsectuasaetetuavocaeseslamacnneee nines 11-10 
11.3.2.1 Common External Clock Control ........ cc ccccccsccccseseeseesvecseseuens 11-10 
11.3.2.2 Individual Product Term Clock Control ............ccccccssessscssseeneeeeees 11-11 
Tio: JPRESET CONTROLS s ccascccerccosactiescsnscseuce acces sedate sesavansase tua ceuibeeceecateatieusnine 11-11 
11.3.3.1 Individual Product Term Control .............ccccececccsecnssseseecesseseseeanes 11-12 
11.3.3.2 Global Product Term Control .................. ce cessseeceececeseeseeeeececeneees 11-12 
11.3.4 RESET CONTROL... ececccecceceeseseeeees aos uainstasaoueieecetaas a senuee utente 11-13 
11.3.4.1. Individual Product Term Control .............ccccececccsssessseececeeseeseesenes 11-13 
11:3:4.2:. - Global Product Terni. COntrol icze. cei cavccacneevesnan din sadtoae aed ascewatss 11-14 
Vio DEVICE POLARIN Y ciscatctncsecccateeet tac issascehecdess ened eaaiecloeiidcantdaeeaeiaees 11-15 
TV3:5.1: —3ACIIVE=EOWPOlAIINY 4c hoasucnusssaniersencendecavereeoteenssiesedenaieaceesbettenceve 11-15 
VisS:5.2° *ACIVE-TIOM PONY i. deccrde eager ea con ctesee aerate eee 11-16 
11:3:5.3. - Programmabie: POlanty is ecsessacsnsscesceeasteansestete occur sep eeeedeeavoint 11-18 
13:6. “COMBINATORIAL LOGIC ix. cinecei tists aeceeatesersssecs aces saasiacwsdacaneboewe yor eiowtes 11-19 
11:3.7 “REGISTERED OR: LAT CHED LOGIC wisciccacesdceseesccpicds sededee steed osieniciomancecates 11-20 
TUSZ1, DEN FIO casita aes aaa once tacit encek sees eetcss 11-20 
WES 72" SOND FOB caus volosheasideacestapsictececsetenctousrereawaniaitathesyeelaceeer bene tats 11-21 
WATS: MAIC se Sess asses srawctuecuakieoaataauasenceceteuseyccqesenaaounseaenaconacsivouiaatenee 11-22 
VAS B* SPEED BAGC AK vasics vixccstettaesocusuectaaceueetoccuatauscautusuputansacoledeneds vnceelicetonesatiee acti ses 11-23 
11:3:8:1: ‘Programmable Feedback aiiwxigesccete enc nsienssauereecsae acts 11-23 
11.3.8.2 Non-Programmable Feedback... ce cseesteceersteceeeneeeeceeeees 11-32 
19:3:9" “PRELOAD CONTR OlivesatinnesansvecseccnsSexciceeeacusteeteaneicncebieassssseciaasneveesneations ts 11-33 
TA:S:G.1. ' “SUDCEVON AOS: ian tercicecedvenscesescaccuapncstiorencwtabecesnendeterneseseentcasternueses 11-33 
14.3:9:2 -Product Term: Control sscssvsccccceccecs pciancctnasytatecanemersecciadsecntuaindine 11-33 
11.38.10 OBSERVABILITY PRODUCT TERM CONTROL. .............:csesssesssesesseseeeeeeeees 11-34 
11:3:77 “COMPLEMENT ARRAY cactectcveinncorsaicorsstecdecticiowestaeteainccacecncshdedaaesoeis sevasaaee 11-35 
1'1:3:12 - ELECTRONIC SIGNATURE culate cece terececeeciieemieceenins 11-36 
11.4 PLD DEVICE SYNTAX DATASHEET S wiv veawiscrcsiccctcpvasiccieseek Grewtas creation setetedsasvenens: 11-38 
PALASM 4 USER'S MANUAL 


eth er 


May 1992 = 


11.4.1. PIN AND NODE DESCRIPTIONS... eee ecccessssccccessseceecssssseceesenneeeeeenes 11-38 


11.4.2 BLOCK AND MACROCELL DIAGRAM(S).............cccccccesccccssssescescescceessesseess 11-39 
11.4.8 SPECIAL PROGRAMMING FEATURES ........... cece ccccsssseneeccscecseeeeneecesees 11-39 
TID cachet tate tea la tase cle cesatneatgaa ide eucddaducostddtae earuatunsiasaduaSeteeseunsueta ecu ve aoek 11-40 

NOH VOS ss.cedsts cet scestcoesadespcascseseseesud tcanaate cis caeicepuddue eae escatance ee aueeebeaanaees 11-44 

VGTRAG acy teses Sereccsecas Seceeaie bee ge iorensateeeatoateve can ceteniaiieclsaureudsedeaawnesweuawanu ue aeias 11-48 

VG OUD siocsec east aaess vesseasasestesuccen bonded a oksuenesusesencausn ete sseciasstatenesbetauaeeuaaeenare 11-52 

ZOE GS sicececctsbecausscitas senacenapsereraccdeacunasotaddienstumabeunalensacpensneanesdvaneioueleassdonecas woes 11-62 

POE Saas sees tcanaeanie ceacauvuceasscccscut naeucatonceuedseeee cava vacuane ean aaierucscoupenc eda 11-66 

CO PRAO sesce cs ies cade eee tee ce ts ccaleces sade sal devi adc ossadeySbiieleceaseebineatace tensors: 11-70 

PA esc ocr ls ecru ceuiesloaiscsutta sauna tiseancae oe ucee stasis neat anata ae uetnaaeencnasae ears 11-74 

DON NO icve aces casaca teres Sune cae wastes Saal avesswuaiccacnde cae tpe slaw ade eee 11-80 

DODO estas ad sarees tcseeyee sac ucneatscvossun tied: fo vanveee dese senudeaued ascetic sssiekantaaaseseeseueteale 11-84 

DOV Te sevacasinun sacdteds cizent otageeua cece psamtseweesae Secanaastaasseaneeansttoas ces edeesesautawasebeeanseieee: 11-92 

DOWING woccosesestcct aces coauacs eae names suahanesanunusaadaunctose seuss sunalas owes cnneuitetadmencneanes 11-96 

Z DIAN © spriedecuse se aueae ater asdocsenee cectiewsstcacucayaadletevetondunselsupsautuescievesavateinuceaesssnetees: 11-104 

BOD Ospeccessesilacae di etsectinestocda be cuawauoaaseatecddadeancereets Gusseabisaewadanennensvaaad eeeelawenetes 11-110 

ZV AO easas heb iccsentads srsiao eccalecessecousebaasensaeseua tees va inawecaiesaueatacauen dasa averse eeaasear 11-130 

OI ee eseateasatins ease tea ewer sete tae sawae vee seas oases setaie tas eene saan weesee ee 11-142 

11.5 MACH 1 AND MACH 2 SERIES DEVICES ...u...... ce ccsseeeceseececeececeeeeeeeesecsssseesenees 11-156 
WAS “OVER VIEW sccctevstcssaatan stvpsncesareietesceescontpenatuscasnctausadd sepadvec dase taceesuaaetevestent 11-156 
11.5.1.1 Device Features.................08 aideeadeiasticettinavleat aes naaeea tastes anes wees 11-156 

11.5.1.2 Pin and Node DeSCriptions .................ccccccceececessseseeceecsensneeseeees 11-157 

11.5.1.8  PALASM Programming Features .................sccscscseesesesessssesensees 11-157 

VES.Z.” ‘SAMPLE EQUATIONS erctekeo nics ccsasavscvcceseisccessuas vebersecacecausheauertiaestecaseercamess 11-168 
1W5:2:1 WO-Cell and: Macrocellscasccckectsticectectescsstaetnsdecctisnctcbdonsieuuedeces 11-169 

V1:5:2:2 -Pincand NOGS- FEO DACK wis iesessssceccscassicsieecantadadhcnseneasaseaes vecases 11-170 

11.5.2.3 Registered and Latched Inputs... eee ceseeceeeeceseseeceeees 11-171 

MACH AT TO DOVICO scsi senate cet scadstens eenaesesaas iicadaasveshacseasusieanasentteauseenitienve 11-174 

NIAC TAO CIC Cie curcats secs tacepiacunt vocskan dames Gevaanes chu sacesenscuemanuaaseaseaecsseaueenceee 11-178 

MACH 130 DOViCC xsitst ions caxte ir saaceacacervien Gaus a seaenee ceasc e 11-182 

MAGH 210 D6VICC o.cscseissisacieiidaeaseceedsaie tina eee eat ees 11-186 

MAGH 220: DAVICC sais Aisa cectesancinccenses ucsnnaniebelaticrtuapinsesieters ease neieass 11-190 

MAGH 2a6 DOV iC Ooi iicncccdassetaaeeusserinrcxeenssndeiniecedi Mi aeteeit abiaisndeeneneeicecopaneceent 11-194 

MAG 21S: DOVICG eucesatecatacvcelaeiatiateasceceeadeeeeteseastnoonaseetdieemneneas aes decd aaeast 11-198 


SECTION V: APPENDICES 


PALASM 4 USER'S MANUAL 


Xvi May 1992 


APPENDIX A: PLD TEXT EDITOR 


as 7G I 2] | 5 eres re eee oer eet et nS ne A-1 
A.1 FAT IVE IN chained ies caacbhg caso bite ctadean yeas cet eae ty alata, chee lod Sareea nteaach ae ple A-2 
A.2 WUTINDOWY IE NU ccsencesese sc scdlgdctansassts aes iar tvs Sele vadane asa idles cas enttes Staactindeaente ctoutsases A-3 
A.3 Be NE IN saree desea asulnal dete deituas tao ea daceia OSes dul ctcacmesast catie destined erate vans A-4 
A.4 a0 BL | 1S ee rrr Se oe ee A-5 
A.5 Pe TRENT WEI secs atte ait asa waceo dents Riad sic tn dee aes sca cenchcta tama te itieeac acer secre) Coded hex A-6 
A.6 NTN G1 Ba etree tens eva Oren cer ee ee ene een A-7 
A.7 ENT IINGY WE NN catapult hdecseater al a daaat datas aah seers tactse eet cetictontee ey A-8 
A.8 TTA MIN os cesta tenet ete aitie aa llhe ranseced cast ach telat tie Seca, ont Post cnlettuee oh eatigta A-9 
A.9 IVE IN es casoetecnatie bests psa stadt haa cv at cap caeala colaien anual da cetAliceta Sas dusabineten aicercen A-11 


SECTION VI: GLOSSARY / INDEX 
GLOSSARY 


INDEX 


PALASM 4 USER'S MANUAL 
May 1992 XVvil 


PREFACE 


XViil 


This manual is organized into two volumes and six 

sections. Sections I-Ill are contained in volume 1, titled 
"PALASM 4 User's Manual - Getting Started and MACH 
Workbook", and Sections IV-VI are contained in volume 
2, titled "PALASM 4 User's Manual - Reference Guide”. 


Section | provides hands-on tutorials that guide 
you through the installation and provide a quick 
tour of the design process, software, and special 
considerations for both text-based and 
schematic-based MACH designs. 


Section Il describes schematic, Boolean, and 
state-machine entry methods; identifies MACH 
design strategies and the tradeoffs between 
various considerations and solutions; and 
provides an introduction into the PALASM 
simulator. 


Section Ill introduces the AMD-supplied 
library for MACH designs produced using 
OrCAD/SDT™ Ill, and includes both macrocell 
and schematic datasheets. 


Section IV provides the Software Reference, 
which describes software operations and 
defines all commands and options; the 
Language Reference, which is organized 
alphabetically and describes the PALASM 
language syntax; and the Device Programming 
Reference, which provides information on 
programming PLD and MACH devices. 


Section V provides appendices for information 
outside the scope of the chapters. Initially, this 
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section includes only one appendix, which 
describes how to use the PLD Text Editor. 


° Section VI provides a glossary of terms and an 
index for the manual. 


The manual places each title and major topic at the 
top of a new page. Each chapter introduction lists 
the major topics therein. Each major topic intro- 
duction identifies the second-level topics to watch for, 
and so on. 


Note: Abbreviations in this manual that are not 


explicitly defined are those deemed standard by the 
IEEE. 


The MACH Workbook appears at the back of the first 
volume. It is intended as a tutorial-based guide to 
designing with AMD MACH devices within PALASM 4 
software. 


AUDIENCE The reader of this manual is assumed to have a 
working knowledge of the design, testing, and reliability 
of programmable logic devices. Additionally, the reader 


. Must have a BSEE degree or equivalent and be 
experienced in general system-level logic 
design 


° May be first-time PLD design developers or may 
have a high level of expertise 


° May be new to PALASM software or may be 
familiar with earlier versions of PALASM 
software 


PREREQUISITES The following prerequisites are recommended. 


° Section |, Getting Started, is intended for new 
users; no prerequisites are needed. 
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° Section Il, Designer's Guide, is intended for 
advanced users; familiarity with MACH- and 
PLD-device datasheets is required. 


. Section Ill, Library Reference, is intended for 
MACH users; no prerequisites are needed. 


. Section IV, Software Reference, is intended 
for intermediate and advanced users; famili- 
arity with Section |, Getting Started, is needed 
for Chapters 10 and 11. 


° Section V, Appendices, is intended for all users; 
no prerequisites are needed. 


° Section VI, Glossary / Index, is intended for all 
users; no prerequisites are needed. 
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CHAPTER 1, INSTALLATION GUIDE 


INSTALLATION GUIDE 


This guide provides steps you complete to install the 
PALASM®4 version 1.1 software. This software 
supports both PLD- and MACH™*-device designs. The 
installation process takes about 15 minutes. 


¢« The requirements discussion identifies the 
hardware and software you need to complete the 
installation successfully for the kinds of designs 
you'll produce. 


¢ The steps discussion guides you through the 
installation process, whether you use the defaults 
or change them. 


important: The left column of this guide identifies 
which key you must press, what you type, or what you 
must select on the screen to respond correctly. 


Sometimes, a prompt appears in the left column before 
your response to help you track the process 


The right column of this guide provides numbered 
steps that explain what to select or do. Following most 
steps is a description of what happens on the screen. 


Also: To expedite the installation process, just read 
the left column, then type the text, select the boxed 
command, or press the named key. 


1-1 


1.1 REQUIRE- Discussions here identify hardware and software 
MENTS requirements. 


1.1.1 HARDWARE PALASM 4 software is not supported across networks. 
The following hardware is required. 


A. One IBM® PC XT™, PC AT™, PS/2™, or 100%- 
compatible computer 


B. Aminimum of 512 kilobytes (kB) of system RAM 
available after all device drivers and TSRs have 
been installed 


C. 10 megabytes (MB) of hard disk space available 


Note: You can use the following DOS command to 
determine the amount of disk space and memory 
available, 


¢ Type CHKDSK and press [Enter]. 


Available disk space is identified as bytes available 
on disk; available RAM is listed as bytes free. 


D. One floppy-diskette drive 

E. One 1 MB extended memory system board, 
required for large designs or designs with a large 
number of simulation test vectors 


F. One mouse for OrCAD/SDT® il only 


G. Graphics capability for OrCAD/SDT III only 


Ay 
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SOFTWARE 


Recommendation: If you are using a mono- 
chrome screen with a graphics board, use the 
following commands to set up your system after 
installing the software. 


CD \PALASM\DAT [Enter] 
DEL PALASM.PCX [Enter] 
SET MODE=MONO [Enter] 


Include the last command in your AUTOEXEC.BAT 
file also. 


H. One of the following optional printers 


e |IBM ProPrinter 
e Epson FX 80 series 
e HP LaserJet and HP LaserJet Series II 


The HP LaserJet printers must include a font 
Cartridge with line-drawing capability, such as 
cartridge #HP3659A. 


The minimum software requirement, which must be met 
before installing and running PALASM 4 version 1.1, is 
listed below. 


A. MS-DOS™ version 3.1 or later 
B. Proper software driver files for peripheral devices 


The PALASM 4 Release Notes that accompany this 
software contain important, recently acquired 
information on PALASM's compatability with new 
versions of MS-DOS (such as MS-DOS 5.0), networks, 
early BIOS ROMs, extended and expanded memory. 
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1.2 STEPS 


1.2.1 INSTALLA- 
TION 


A:INSTALL [Enter] 


You cannot run the PALASM 4 software from a floppy 
disk. Also, you must install the PALASM 4 software; 
simply copying the files to your hard disk does not work. 
The steps below guide you through the installation and 
configuration process. 


Before you begin, you may want to check the path to 
the following files so you can complete the installation 
form appropnately. 


¢ COMMAND.COM 
¢ DRAFT.EXE 


Important: If this is the second or subsequent 
installation of the PALASM 4 software on the system, it 
is a good idea to delete all earlier PALASM directory 
files and subdirectories before the new installation. 
This ensures that all extraneous files are cleared from 
the \PALASM hierarchy. 


Also: To facilitate removal of an old PALASM directory 
and subdirectories, do not store design files or 
personal files in the \PALASM hierarchy. 


1. Place installation disk 1 into drive A, type the com- 
mand shown in the left column, then press [Enter]. 


The AMD copyright screen appears. 


[Enter] 2. Press any key to dismiss the copynght notice and 
proceed with the installation. 
The installation menu and form appears; the menu 
covers part of the form. 
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PALASM Installation 


Installation Mode is o 
. using Extended Memory ? :¥ 
. on Drive A 
. Starting at Directory 


COMMAND.COM is in directory 


Update AUTOEXEC.BAT ? 
. if ’N’ send changes to 


Update CONFIG.SYS ? 
. 1f ’N’ send changes to 


Install interface to OrCAD/SDT ? 
OrCAD is installed on drive 
. in Directory 


(C) Copyright 1991 Advanced Micro Devices — All Rights Reserved 


Enter Data. [ESC] Cancel, [F1] Help, [F2] Options, [F10] Install 


Commands on the menu allow you to selectively install 
the software, as follows. 


¢ Install All Software installs all software and related 
files as you specify on the form beneath the menu. 


You must use this command initially. Then use 
others as needed since they affect only portions of 
the installed software. 


¢ Replace with Standard memory software 
overwrites the existing executable files with those 
required for standard memory. 


¢ Replace with Extended memory software 


overwrites current executable files with those 
required for extended memory. 
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[Enter] 
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Install interface to OrCAD/SDT installs the library 
and other files required to use the schematic 
interface. 


important: OrCAD/SDT Ill is not installed using 
this command. A copy of the OrCcADSDT.OVL file, 
with the correct library prefix and files, must reside 
in each schematic-based design directory to sup- 

port schematic capture. The correct prefix and file 
entries are shown next. 


LP - Library Prefix <drive> :\PALASMI\LIB\ 
LF - Library Files 
MACH.LIB 
LOGIC.LIB 
74XX.LIB 


Reinitialize PALASM Setup files reinstates the 
standard SETUP.PAL, CONFIG.SYS, and 
AUTOEXEC.BAT files, when you want to reset all 
files to their original state and start over. 


. Select Install All Software and press [Enter]. 


The menu is dismissed and the form is now 
completely visible, as shown next. 
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PALASM Installation 


Installation Mode is Install All Software 
. using Extended Memory ? 
... on Drive Ce 
. Starting at Directory 


COMMAND.COM is in directory 


Update AUTOEXEC.BAT ? 
. If ’N’ send changes to 


Update CONFIG.SYS ? oo 
... if ’N’ send changes to 


Install interface to OrCAD/SDT ? 
OrCAD is installed on drive 
. In Directory 


(C) Copyright 1991 Advanced Micro Devices — All Rights Reserved 


Enter Data. [ESC] Cancel, [Fl] Help, [F2] Options, [F10] Install 


The information on this form is divided into three groups 
of text fields. 


A. Installation mode data 
These fields identify the extended memory option 


and specify the destination drive and starting 
directory for the installation. 
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Note: When you select the Replace with Extended 
memory command from the menu, enter the letter Y 
beside using Extended memory. 

... using Extended memory? Y 


Similarly: When you select the Install interface to 
OrCAD/SDT command on the menu, you must 
enter the letter Y in the corresponding field in this 
group. 

Install interface to OrCcAD/SDT? 


Y 


DOS file data 


Fields in this group specify the location of the 
COMMAND.COM file and indicate whether the 
AUTOEXEC.BAT and CONFIG.SYS files should be 
updated automatically. Discussions 1.3.1 and 1.3.2 
define the information that’s added during the 
automatic update. 


Important: If you do not update files automatically, 
new data is added either to the default file or to the 
file you specify. In this case, you may need to 

manually update information in the .BAT or .SYS 
files before you can use the PALASM 4 software. 


PALASM interface to OrCAD/SDT 


In these fields, you specify options to install the 
optional PALASM 4 interface to OrCAD/SDT Ill and 
identify the drive and directory where the 
schematic-capture software is installed. 


Note: When you select the Install interface to 
OrCAD/SDT command on the menu, you must 
enter the letter Y in the corresponding field. 

Install interface to OrCAD/SDT? Y 
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4. Change any options in the form: press an arrow 
key to highlight (activate) the field, type the 
appropriate information, and press [Enter]. 


The next field on the form is automatically 
activated. 


After entering appropriate data into all fields, 


5. Confirm your specifications and initiate the 
installation by pressing [F 10]. 


A window opens in the lower half of the screen and 
the process begins. Messages keep you informed 
and you are prompted to insert disks as required. 


Important: Should a box appear informing you about 
disk space, you must delete old files to create more 
space before you can install the software. 


If you are installing the PALASM 4 software on this 
workstation for the first time, just delete files you no 
longer need. However, if you are installing the PALASM 
4 software for a second or subsequent time, you can 
continue with the installation and files will be overwritten 
automatically. 


You are informed when the installation is complete. 
Messages depend on the data you specified on the 
installation form. 


CHAPTER 1, INSTALLATION GUIDE 1-9 


Final Installation Notes 


Your AUTOEXEC.BAT file has been updated 


Remove the installation disk and reboot: [Ctrl] [Alt] [Del] 


To use the software, enter: PALASM [Enter] 


Press any key to exit 


To use the software, you need to restart the computer. 
However, you may want to check the .BAT and .SYS 
files and the configuration as explained under 1.2.2 
before doing so. 


[Ctrl] [Alt] [Del] 6. Remove the diskette and restart the computer. 


Hold down the [Ctrl] and [Alt] keys while you press 
the [Del] key. 


ae 
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1.2.2 CONFIG- 
URATION 


CD \PALASM\DAT [Enter] 
DEL PALASM.PCX [Enter] 


SET MODE=MONO [Enter] 


February 1991 


Following the installation you may need to configure 
your system as follows. 


1. Verify or add data to the BAT and .SYS files as 
discussed under 1.3.1 and 1.3.2. 


If you are using schematic capture, 
2. Verify that an OrCADSDT.OVL file, with the correct 
prefix and file entries, is located in each MACH 


schematic-based design directory. | 


If you are using a monochrome screen, the 
following steps are recommended. 


3. Change the directory to \PALASM\DAT. 
4. Delete PALASM.PCX. 


5. Set mode to mono. Also include this command in 
your AUTOEXEC.BAT file. 


The next discussion shows the information that should 
appear in the AUTOEXEC.BAT and CONFIG.SYS files. 


Refer to discussion 1.2.1 for the correct library prefix and files. 
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1.3 FILE You are asked about updating the .BAT and .SYS files 

UPDATES on the installation form. The following discussions 
indicate the information that is added during the 
automatic update. If you did not specify an automatic 
update, you must ensure that this information appears 
in the appropriate file. 


1.3.1 AUTOEXEC The following information should appear in the 
AUTOEXEC.BAT file before you can use the PALASM 
4 software. 
PATH C:\PALASM\EXE;C:\DOS; ¢ Anew PATH declaration includes the specified 


COMMAND.COM directory, the path to the 
PALASM executable files, and any path information 
previously defined. 


SET PALASM=C:\PALASM\ ¢ Anew variable indicates the starting directory for 
the software installation. 


SET ORCAD=C:\ORCAD\ e Anew variable indicates where the OrCAD/SDT Ill 
software is installed. 


If you did not update your .BAT file, check to ensure the 
appropriate entries are included. 


1.3.2 CONFIG.SYS The following line should appear in the CONFIG.SYS 
file if the current files variable is set to less than 20. 


files=20 


important: If you entered the letter N in the update 
CONFIG.SYS field, you must manually edit the file so 
that the vanable is set to 20 or greater. 
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DESIGN ENTRY 
DEMONSTRATION 


February 1991 


Steps in this guide demonstrate various design entry 
methods. 


¢« You can create a text-based design following the 
steps under discussion 2.1. 


¢ You can begin a schematic-based MACH-device 
design using steps provided in discussion 2.2. 


¢ You cancombine multiple PDS files to produce a 
single MACH-device design using steps in 
discussion 2.3. 


Important: Each demonstration assumes you have 
installed the PALASM 4 software and configured your 
workstation as described in Chapter 1. 


Activities here assume you are familiar with the 
following; therefore, information from the sources below 
is not repeated. 


¢ OrCAD/SDT II! software and manuals 
e PALASM language syntax 
« device datasheets 
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Important: The left column of this guide shows 
prompts and identifies which key you press, what you 
type, or what you must select on the screen to respond 
correctly. Sometimes, a prompt appears in the left 

column before the required response to help you track 
the process. 


The right column of this guide provides information 
and numbered steps that explain what to do or select 
in more detail and describes what happens on the 

screen. 


Tip: For a quick tour, you can type the text, select the 


boxed item, or press the key named in the left column, 
refer to the right column for details or clarification. 
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2.1 CREATING A 
TEXT-BASED 
DESIGN 


C: 
PALASM [Enter] 


Press any key ... 
[Space bar] 


Retrieve existing design 
Merge design files 
Change directory 
Delete specified files 
Set up... 

Go to system 


Quit 


Here, you'll use the PALASM 4 software to start a text- 
based design for any PAL, PLS, or MACH device you 


choose. 


To begin from the DOS operating system, 


1. Execute the PALASM 4 software: type PALASM 
and press [Enter]. 


The AMD logo and copyright notice appear. A 
message at the bottom of the screen prompts you. 


2. Dismiss the copyright notice and continue: press 
the [Space bar] or any other key. 


PALASM 4 version 1.1 
EDIT RUN VIEW DOWNLOAD DOCUMENTATION - <FI1> for Help 


Cur.Directory : 
Input Format : 


Design File 


Device Name : 


Design Information 


C\PALASM\EXAMPLES 
TEXT 

< None > 

< None > 


<Enter> or <F10> select, <Home, End, t! ,—~ > move cursor, <Esc> exit 
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Menu names appear across the top of the screen. The 
File menu is open and the first item is highlighted, as 


CHAPTER 2, DESIGN ENTRY DEMONSTRATION 2-3 


shown in the previous figure. Depending on the 
working environment you set up, information for the 
current design appears in the lower-nght corner. 


PALASM 4 is easy to work with. The following features 
are standard. 


e Menus list all available commands; those followed 
by ellipses, such as Set up, display a submenu of 
additional commands. 


¢ Forms are provided where you can fill in additional 
information needed to complete a command. 


¢ Alist appears with one or more choices, if an option 
field is active in a form when you press [F2]. 


The sequence of tasks to create a new text-based 
design follows. 


¢ Begin a new design using the PDS declaration- 
segment form. 


¢ Complete the design using a text editor. 
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2.1.1 BEGIN THE All designs you create are stored in the current working 
DESIGN directory. Before you create the new design, it's a good 
idea to verify the current working directory. 


To verify or change the working directory, 


1. Select the Change directory command from the File 
menu: type the first letter of the command, which 


Begin new design — is a capital letter, when the menu is open. 
Retrieve existing design 


ee co files 


Alternatively, you can press the down arrow to 

eSB ee eee highlight the command, then press [Enter] to select 
Delete a ey files it. 

Set up .. 

Go to system A form like the one below appears showing the 

Quit current working directory path. The path on your 

screen may differ. 


C\PALASM\EXAMPLES 


If the directory path on your screen does not match the 
one shown, complete step 2. Otherwise, just press 
[F10] to accept the directory path shown. 


C:\PALASM\EXAMPLES 2. Type a path name as shown beside this paragraph 


[F 10} and press [F10] to confirm it or press [F10] if you’re 
satisfied with the existing path. 
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To begin the new design, 


1. Select the Begin new design command from the 
File menu: type the letter B. 

Retrieve existing desi A form like the one below appears where you 

Merge design files specify the file type and name. Text is the default 

format. 


Change directory 
Delete specified files 
Set up... 

Go to system 


Input format: TEXT 
Quit 


New file name: 


[Enter] 2. Activate the New file name field: press [Enter]. 
The active field is highlighted. 


TEXT1.PDS 3. Type the name of the file using standard DOS 
naming conventions and include a .PDS extension. 


[F10] 4. Confirm the specifications in the form: press [F10]. 


The form is dismissed and the process is initiated. 


Important: If the name you specify matches an 
existing name, you’re asked if you want to overwrite the 
existing file. The file is overwritten if you respond by 
typing the letter Y. However, if you type the letter N, 
ou can change the name in the form and proceed. 


A PDS declaration-segment form appears, as shown 
below. The fields on this form assist you in completing 
the declaration segment of a PDS file. The Title field is 
active when the form appears. 


a mmm ee 
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PDS Declaration Segment 


Title 

Pattern 

Revision 

Author 

Company 

Date 08/15/90 


CHIP ChipName= _ | cntr Device= [ 


P/N Number Name Paired with PIN Storage ;comment 


JIL 


Enter Header Data. [Press <ESC>=abort, Fl=help, F2=options, F10=save & exit] 


The text and option fields in this form are described as 
you fill in data using the steps below. 


2.1.2 FILL IN THE Text fields are provided for Title through Company data. 

PDS DECLARATION- Each can contain up to 59 characters. You can use 

SEGMENT FORM any combination of letters, numbers, or symbols in 
these fields. 


To complete the Title through Company fields, 


any title [Enter] 1. Type a title for the design and press [Enter] to move 
to the Pattern field. 
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Note: If you make a mistake you want to correct, 
either press the backspace key to erase characters, 


then retype or use the arrow keys to move the cursor 
back and type over existing text. 


your own pattern [Enter] 2. Enter a pattern and activate the Revision field: 
type, then press [Enter]. 


a version number [Enter] 3. Enter a revision number and activate the Author 
field. 

your name [Enter] 4. Enter your name in the field and activate the 
Company field. 

company name [Enter] 5. Enter a company name, then activate the Date 
field. 


Note: You can return to a previous field by pressing 


the up-arrow key to activate the field; then make 
changes. 


The Date field provides today's date automatically, as 
specified by the operating system. You can change the 
date using only a ##/##/## format. 


[Enter] 6. Skip the Date field: press [Enter] to confirm its 
content. 


ChipName is a text field that automatically displays the 
design-file name preceded by an underscore and 
without the .PDS extension. However, you can specify 
any name of up to eight alphanumeric characters, 
including the underscore character. 


chipname [Enter] 7. Enter a chip name field and press [Enter]. 
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JL [Enter] 


[Enter] 


(Enter] 
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The Device = field is an option field. A list appears 
automatically when this field is active. The list includes 
all PLD and MACH device types. You must specify a 
device type before saving information and leaving the 
form. 


8. Select a device type: press the down arrow to 
highlight your choice, then press [Enter]. 


The top part of the form on your screen should look 
something like the one below. 


Schematic CTL File Information 


Title RPLCNTR.PDS 

Pattern F001 

Revision 1.0 

Author JAY SMITH 

Company ADVANCED MICRO DEVICES 
Date 02/24/91 


Chip ChipName = _RPLCNTR Device= PALCE20V8 


The lower-half of the form includes both text and option 
fields, which will be identified as you fill in each one. 


The P/N field is an option field that identifies the 
statement as either a pin or node statement. Pin is the 
default. 


To enter a pin statement, 
1. Activate the P/N option field: press [Enter]. 


The field is highlighted and Pin appears 
automatically. 


Since you are entering a pin statement, you can 
proceed to the Number field. 


2. Activate the Number field. 


? [Enter] 


Q3_WD [Enter] 


The Number field is a text field where you enter a pin or 
node location. You can enter either a whole number 
that fixes the location on the device or a question 

mark, ?, which defines a floating location. ! 


3. Enter a floating pin location and activate the Name 
field: type a question mark and press [Enter]. 


Name is a text field where you enter a pin or node 
name.2 


4. Enter a pin name and activate the next field. 


Paired with pin is a text field where you can enter an 
optional node attribute. This attribute applies only to 
node statements.° For the moment, you'll skip this 
field. 


[Enter] 5. Skip the Paired with pin field and activate the 
Storage field: press [Enter]. 
Storage refers to an optional storage type. Combi- 
natorial is the default that is used when this field is left 
blank. You can display a list of the choices by pressing 
[F2] when the field is active. 
[F2] 6. Display a list of storage options: press [F2]. 
A list appears with several choices: a blank to 
specify the default is first, followed by Combina- 
torial, Latched, and Registered. 
R [Enter] 7. Select Registered for this design, then activate the 
next field: type the letter R and press [Enter]. 
1 Refer to Section IV, Chapter 10, for details about using the question mark to float pin and node 
locations. 
2 Refer to Section IV, Chapter 10, for details about naming syntax in pin and node statements. 


3 Refer to Section IV, Chapter 10, for details about pairing a node with a pin. 
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You can add an optional signal-type comment to the 
statement using the Comment field. You can leave this 
field blank and add optional comments of another 
nature when you edit the PDS file in the text editor. 


Each comment is preceded by a semicolon in the PDS 
file but not on the form. You can display a list of 
options by pressing [F2]. 


[F2] 8. Display a list of signal-comment options. 
The list appears and includes a blank that you can 
select to add the semicolon to the PDS file to 
prepare for other comments you may include later. 
In addition the following are listed: Input, Output, 
lO, Clock, and Enable. 


I [Enter] 9. Select the Input option, then activate the P/N field: 
type the letter | and press [Enter]. 


The comment is added to the field and the P/N field 
is activated. Pin appears automatically as the 
default. 
Next, you'll enter a node statement. 
[F2] 1. Display a list of options for the P/N field: press [F2]. 


Again, a list appears with appropriate choices. 


N [Enter] 2. Select the Node option and activate the Number 
field: type the letter N, then press [Enter]. 


? [Enter] 3. Enter a floating node location and activate the 
Name field: type a question mark and press 
[Enter]. 

Q2_ WD [Enter] 4. Enter anode name, then activate the next field. 


You may recall that the optional Pair attribute applies 
only to node statements. Next, you'll pair this node with 
the previous pin by specifying the pin name in the 
Paired with pin field. 


February 1991 CHAPTER 2, DESIGN ENTRY DEMONSTRATION 2-11 


Paired with pin 
Q3_WD [Enter] 


{Enter] 


{Enter] 


P/N 


[F10] 
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5. Type the name of the previous pin to pair the node 
with it, then activate the Storage field. 


The storage field becomes active and is filled with 
the storage type specified for the pin with which the 
node is paired. 


When you pair a node with a pin, they must be of the 
same storage type. 


6. Accept the existing type, Registered: press [Enter]. 


Registered is accepted and the comment field is 
activated. 


Again, the comment reflects the same signal type for 
the node as the input pin with which the node is paired. 


7. Accept the existing comment, Input: press [Enter]. 


8. Continue adding pin and node statements using the 
steps above until all are defined for your design. 


Once you leave the declaration-segment form, you 
cannot return to it. From that point on, you'll have to 
use the text editor to complete specifications for the 
PDS file. 


9. Confirm all specifications when you finish adding 
pin and node statements: press [F 10]. 


Your form should look something like the one shown 
next. 
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PDS Declaration Segment 


Title RPLCNTR.PDS 

Pattern F001 

Revision | 1.0 

Author JAY SMITH 

Company |ADVANCED MICRO DEVICES 


CHIP ChipName= |_RPLCNTR Device = 


Number Paired with PIN Storage ;comment 


03. WD REGISTERED 


REGISTERED 


Enter Header Data. [Press <ESC>=abort, Fl=help, F2=options, Fl0=save & exit] 


You're ready to complete the design. 
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2.1.3 COMPLETE After you confirm specifications in the declaration 

THE PDS FILE USING segment form, you're transferred to the text editor 

A TEXT EDITOR where the PDS file is displayed. The information you 
supplied in the declaration-segment form is present, 
and looks something like the one shown below. 


;PALASM Design Description 


RPLCNTR.PDS 
Pattern FOO] 
Revision 1.0 
Author JAY SMITH 
Company ADVANCED MICRO DEVICES. 
Date 02/24/91 


Chip —RPLCNTR PALCE20V8 


REGISTERED 
REGISTERED 
REGISTERED 
REGISTERED 


2-14 PALASM 4 USER'S MANUAL, SECTION |, GETTING STARTED February 1991 


The Equations and Simulation segments are blank. 
You can add or edit any information in the PDS file 
using the text editor. For example, you can add more 
pin and node statements and the equations and 
simulation commands needed to complete the design.4 


The design you produce can be based either upon 
Boolean equations or state-machine language using 
standard PALASM language syntax. 


Some sample Boolean equations are shown below. 


EQUATIONS 


Q3_WD = ((Q3_WD :+: /(Q2_WD + Q1_WD + QO_WD + /ENABLE)) * ((/TC * ENABLE) * 
/LDWCNTR)) + (Q3_WD * ((/TC * ENABLE) * /LDWCNTR)) + (D3 * LDWCNTR) 
Q3_WD.clkf = CLOCK 


Q3_WD.setf = GND 

Q3_WD.rstf = GND 

Q2_WD = ((Q2_WD :+: /(Q1_WD + QO_WD + /ENABLE)) * ((/TC * ENABLE) * 
/LDWCNTR)) + (Q2_WD * (/(/TC * ENABLE) * /LDWCNTR)) + (D2 * LDWCNTR) 

Q2_WD.clkf = CLOCK 


Refer to Section IV, Chapter 10, for details on the language syntax and simulation commands. 
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You can enter simulation commands in the PDS file, as 
shown in the sample below. 


SIMULATION 


TRACE_ON CLOCK QO Q1 Q2 Q3 Q4 Q5 Q6 Q7 TC LDACNTR ENABLE 
SETF /CLOCK /DO /D1 /D2 /D3 /D4 /D5 /D6 /D7 /LDACNTR /ENABLE 
SETF /LDWCNTR 

CLOCKF CLOCK 

CHECK /Q0 /Q1 /Q2 /Q3 /04 /Q5 /Q6 /Q7 /TC 


FOR I:=0 TO 127 DO 
BEGIN 
CLOCKF CLOCK 


END 
CHECK QO Q1 Q2 Q3 04 Q5 Q6 /Q7 
TRACE_OFF 


Once you complete the design, you can define logic 
synthesis, compilation, and MACH-fitting options; then 
compile, simulate, and download the design as usual.° 


Note: Because there is no way of knowing which text 
editor you are using, specific commands to finish the 
design are not provided here.® 


5 Refer to discussions in Chapter 3 of this section for a demonstration of setting up and running 
compilation, fitting, and simulation processes using a schematic-based design. Processes are the 
same regardless of the entry method. Also, refer to Section IV, Chapter 9, for details about each 
of the options available under the Set up command on the File menu and the commands on the 
Run menu. 


6 lf you are using the AMD-supplied text editor, refer to Section V, Appendix A, for details about the 
PLD text editor. Also, refer to Section IV, Chapter 10, for details about PALASM language syntax 
for equations and pin and node statements. 
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2.2 SCHEMATIC- 
BASED DESIGN 
ENTRY 


C: 
PALASM [Enter] 


Press any key ... 
[Space bar] 


Retrieve existing design 
Merge design files 
Change directory 
Delete specified files 
Set up... 

Go to system 


Quit 


Here, you can use the PALASM 4 software to start any 
schematic-based design for a MACH device. 


To begin from the DOS operating system, 


1. Execute the PALASM 4 software: type PALASM 
and press [Enter]. 


The AMD logo and copyright notice appear. A 
message at the bottom of the screen prompts you. 


2. Dismiss the copyright notice and continue: press 
the [Space bar] or any other key. 


PALASM 4 version 1.1 
EDIT RUN VIEW DOWNLOAD DOCUMENTATION’ <FI> for Help 


Cur.Directory : 
Input Format: 
Design File 
Device Name : 


Design Information 


C\PALASM\EXAMPLES 
TEXT 

< None > 

< None > 


<Enter> or <F10> select, <Home, End, ts +—> move cursor, <Esc> exit 
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Menu names appear across the top of the screen. The 
File menu is open and the first item is highlighted, as 
shown in the figure above. Depending on the working 
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environment you set up, information for the current 
design appears in the lower-right corner. 


PALASM 4 is easy to work with. The following features 
are standard. 


¢ Menus list all available commands; those followed 
by ellipses, such as Set up, display a submenu of 
additional commands. 


¢ Forms are provided where you can fill in additional 
information needed to complete a command. 


¢ Alist appears with one or more choices if an option 
field is active in a form when you press [F2]. 


The sequence of tasks to create a new schematic- 
based design follows. 


¢ Begin a new design using the schematic control-file 
form. 


« Complete the design using the OrCAD/SDT Ill 
schematic editor. 
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2.2.1 BEGIN THE All designs you create are stored in the current working 
DESIGN directory. Before you create the new design, it's a good 
idea to verify the current working directory. 


To verify or change the working directory, 


1. Select the Change directory command from the File 
menu: type the first letter of the command, which 


Begin new design is a capital letter, when the menu is open. 
Retrieve existing design 


mee es files 


Alternatively, you can press the down arrow to 

UE eeeabes Seema ee highlight the command, then press [Enter] to select 
Delete ee files it. 

Set up .. 

Go to system A form like the one below appears showing the 

Quit current working directory path. The path on your 

screen may differ. 


C\PALASM\EXAMPLES 


lf the directory path or your screen does not match the 
one shown, complete step 2. Otherwise, just press 
[F10] to accept the directory path shown. 


C:\PALASM\EXAMPLES 2. Type apath and press [F10] to confirm to confirm it. 
[F10] 


To begin the new design, 


1. Select the Begin new design command from the 
File menu: type the letter B. 


Retrieve existing design A form like the one shown next appears where you 
Merge design files specify the file type and name: Text is the default 
Delete specified files 

Set up... 

Go to system 

Quit 
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Input format: TEXT 


[Enter] 


File name: 
sample1.SCH [F10] 
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Input format: TEXT 


New file name: 


For this design, you must change the input format to 
schematic. 


2. Display the input-format options: press the [F2] 
key. 


The first option is highlighted when the list appears. 
3. Select Schematic: type the letter S. 


You're returned to the form and Schematic is 
highlighted. 


4. Activate the next field: press [Enter]. 
The field is highlighted to show that it is active. 


This text field is where you enter the name of the 
design you will create. 


5. Type the name shown at left, then confirm the 
specifications: type the name then press [F10]. 


important: If the name you specify matches an 
existing name, you're asked if you want to overwrite the 
existing file. The file is overwritten if you respond by 
typing the letter Y. However, if you type the letter N, 
ou can Change the name in the form and proceed. 


After you confirm a schematic-based format and design 
name, two files are automatically created. 


e An empty schematic worksheet file is created using 
the name you specified. 
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Title 

Pattern 

Revision 

Author 

Company 

Date 08/15/90 


CHIP ChipName = 


¢ An empty control file is created using the design 
name with a .CTL extension, design.CTL. 


You're immediately transferred to the control-file form 
shown below. 


Schematic CTL File Information 


Device= [ 


Enter Header Data. [Press <ESC>=abort, Fl=help, F10=save & exit] 
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When schematic data is converted to a PDS format, the 
information in this form provides the declaration 
segment of the PDS file. 


Important: When you create a schematic-based 
design for a MACH device, you must specify the device 
type in the schematic control-file form. Any device type 
you specify in the schematic is ignored. 


Also: Simulation commands for schematic-based 
designs are best placed in an auxiliary simulation file 
that you create using a text editor. No simulation 
commands appear in the PDS file generated from 
converted schematic data. 
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You may recognize that this form is similar to the one 
you used to enter declaration-segment data for a text- 
based design. However, this form does not include any 
pin or node statements as these are derived from 
schematic data during compilation. 


Tip: If you know how to enter data in this form, you can 
skip some of the following discussions. However, do 


complete the activities below so you can enter the 
schematic editor automatically upon confirmation, as 
described next. 


2.2.2 FILL IN THE The text and option fields in this form are described as 

SCHEMATIC you fill in data using the steps below. If you know how 

CONTROL-FILE FORM to enter data here, you may want to complete the key- 
strokes in the left column without reading the right 
column. 


Text fields are provided for Title through Company data. 
Each can contain up to 59 characters. You can use 
any combination of letters, numbers, or symbols in 
these fields. 

To complete the Title through Company fields, 


any title [Enter] 1. Enter a design title: type, then press [Enter] to 
activate the Pattern field. 


The next field is highlighted to show it is active. 


Note: If you make a mistake you want to correct, 
either press the backspace key to erase characters 

then retype or use the arrow keys to move the cursor 
back and type over existing text. 


your own pattern [Enter] 2. Enter a pattern and activate the Revision field: 
type, then press [Enter]. 


a version number [Enter] 3. Enter a revision number and activate the Author 
field. 
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your name [Enter] 4. Enter your name in the field and activate the 
Company field. 


company name [Enter] 5. Enter a company name, then activate the Date 
field. 


Note: You can return to a previous field by pressing 


the up-arrow key to activate the field; then make 
changes. 


The Date field provides today's date automatically, as 
specified by the operating system. You can change the 
date using only a ##/##/## format. 


[Enter] 6. Skip the Date field: press [Enter]. 


ChipName is a text field that automatically displays the 
design-file name preceded by an underscore and 
without the .PDS extension. However, you can specify 
any name of up to eight alphanumeric characters and 
the underscore character. 


chipname [Enter] 7. Enter a ChipName and activate the Device field. 


The Device = field is an option field. A list appears 
automatically when this field is active. The list includes 
all PLD and MACH device types. You must specify a 
device type before saving information and leaving the 
form. 


J (Enter] 8. Select a device type: press the down arrow to 
highlight your choice, then press [Enter]. 
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The form on your screen should look something like the 
one below. 


Schematic CTL File Information 


Title 16 BIT UP DOWN COUNTER 
Pattern 21B 

Revision | 2.0 

Author KAREN JOHNSON 


Company |ADVANCED MICRO DEVICES 
Date 


CHIP ChipName= | UDCNTR Device = |MACH 110 


[F10] 9. Confirm specifications in the form when you are 
satisfied: press [F10]. 


After you create and confirm specifications, you're 
returned to the PALASM environment for a few seconds 
before you're automatically transferred to the OrCAD 
editor.’ 


Note: You can return to the control-file form to edit 


information later, using the Control file for schematic 
command on the PALASM Edit menu. 


At this point, you are ready to create the schematic. 


2.23 CREATE THE When you exit the control-file form and enter the 

SCHEMATIC OrCAD environment, a blank worksheet becomes 
available with the name you specified earlier. The 
AMD-supplied MACH library is also available. 


7 Refer to the OrCAD/SDT III Schematic Design Tools manual for details about using the schematic 
editor. 
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Press any key... 
[Space bar] 


[Space bar] 


[Enter] 


G INV [Enter] 
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1. Dismiss the logo and continue: press [Space bar] 
or any other key. 


The copyright screen appears with a prompt at the 
top of the screen. 


2. Dismiss the copyright screen and continue. 


The OrCAD editor becomes available and a new 
worksheet appears. 


OrCAD/SDT Ill lists available commands on menus and 
submenus. You access all commands through the 
main menu as follows. 


3. Display the main menu: press [Enter]. 


All primary commands are listed on the main 
menu. 


There are several ways to select a command in OrCAD; 
this guide uses the first method listed below. 


¢ Type the capital letter at the beginning of the 
command, as you do with the PALASM 4 software. 


e Press arrow keys to highlight a command and press 
[Enter] to select it, as you can with the PALASM 4 
software. 


¢ Use the mouse to highlight the command and click 
the left button to select it. 


To place elements from the AMD-supplied MACH 
library, 


1. Get a library element to place: type the letter G, the 
name of the element, then press [Enter]. 


The specified element appears and a command 
line runs across the top of the screen. 
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[Esc] 


G 74162 [Enter] 
—> P [Esc] 


PW 


—> B— E 
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2. Place the first instance: move the cursor to the 
location and type the letter P. 


You can repeat step 2 to place another instance of the 
same element or end the sequences as shown next. 


3. End the placement sequence: press [Esc]. 


4. Repeat the sequence to get and place other 
components. 


To wire components, 


1. Initiate the Place Wire command: type the letters P 
and W. 


2. Begin and end the wire: move the cursor and type 
the letter B to begin the wire; move the cursor and 
type the letter E to end the wire. 


To save the worksheet and return to the PALASM 
environment, 


1. Select the Quit command: type the letter Q. 


A submenu appears listing additional commands to 
choose from. 


2. Select the Update file command: type the letter U. 

3. Leave the OrCAD environment when you're 
finished with the schematic: select the Quit and 
Abandon edits commands. 


You're returned to the PALASM environment. 


You can return to the schematic to add or edit data any 
time. Todo so, 
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1. Select the Schematic file command from the Edit 
menu: press the right-arrow key to open the Edit 
menu and type the letter S. 


Control file for schematic design 
Auxiliary simulation file 
Other file 


2. Complete OrCAD commands as usual. 


You can also edit the schematic control-file form 
anytime to change device type or other header 
information. To do so, 


1. Select the Schematic file command from the 
PALASM Edit menu: press the right-arrow key to 
open the Edit menu and type the letter S. 


Acaliang simulation file 
Other file 


2. Activate and edit fields as usual. 


Once you complete the schematic, you can define logic 
synthesis, compilation, and MACH-fitting options and 
compile the design.2 During compilation, schematic 
data is automatically converted to pin and node 
statements and Boolean equations. This data is 
combined with the schematic control-file you created 
when you began the design. 


Subsequent editing and recompiling the schematic 
results in a new PDS file, so any editing you do to the 


8 Refer to Chapter 3 in this section for a detailed hands-on demonstration of these and related 
schematic-design-process activities. 
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PDS file is lost. Therefore, it’s a good idea to create an 
auxiliary file of simulation commands. 


The auxiliary simulation file contains the same 


information as the simulation segment of a PDS file, 
shown in the partial sample below. 


SIMULATION 


TRACE_ON CLOCK QO Q1 Q2 Q3 Q4 Q5 Q6 Q7 TC LDACNTR' ENABLE 
SETF /CLOCK /DO /D1 /D2 /D3 /D4 /D5 /D6 /D7 /LDACNTR /ENABLE 
SETF /LDWCNTR 


CLOCKF CLOCK 
FOR I:=1 TO 300 DO 
BEGIN 
CLOCKF CLOCK 
END 
TRACE_OFF 


2-28 PALASM 4 USER'S MANUAL, SECTION I, GETTING STARTED February 1991 


The only difference between these two files is the 
auxiliary file is named after the schematic using a .SIM 
extension. To begin an auxiliary simulation file, 


1. Select Auxiliary simulation file from the Edit menu: 
press the right-arrow key to open the Edit menu, 
then type the letter A. 


Text file 
Schematic file 
Control file a0 schematic design 


Other file 


The text editor becomes available. 


2. Enter simulation commands as usual.? 


Note: Because there is no way of knowing which text 


editor you are using, specific commands are not 
provided here. !0 


3. Simulate as usual.!1 


SOOOCOOROCOOOCOOOOOOOOOOn OOD 


Both 
Other operations ... 


9 Refer to Section IV, Chapter 10, for details the about simulation command syntax. 


10 lf you are using the AMD-supplied text editor refer to Section V, Appendix A. Also refer to Section 
IV, Chapter 10, for details about PALASM language syntax. 


va Refer to Chapter 3 in this section for a detailed hands-on demonstration of simulating a 
schematic-based design. 
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2.3 MERGING 
MULTIPLE PDS 
FILES 


After you evaluate designs!2 to determine whether or 
not it is feasible to merge them into a single MACH- 
device design, you can begin the merge process. 


e Set Up 
Initiate the process 
Specify setup options 


¢ Retrieve Files 
First file 
Subsequent files 


¢ Resolve Conflicts 
Review the detectable conflicts table 
Rename signals in the input buffer 
Bind signals together 


¢ Merge Files 
Edit combined data 
Save combined in a file 


¢ Re-Engineer the Combined Design 


Following discussions identify each task and the order 
of activities as pertinent facts are described. '9 


Important: Unlike other tutorials in this manual, infor- 
mation you select or type is not shown in the left 
column. Everything you need is on the right. 


Also: To complete activities below, use any PDS files 
you choose. Steps here assume that you know how to 
select commands and fill in and confirm specifications 

on forms. 


12 Refer to Section II, Chapter 4, for details about evaluating designs prior to merging them. 
13 Refer to Section IV, Chapter 9, for details about specific commands and forms. 
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2.3.1 SET UP To merge, you initiate the process and set up the 
environment. 


Initiate the Process It's a good idea to verify the current working directory 
where the combined file will be stored. 


1. Change the current working directory. 


2. Select the Merge design files command on the File 
menu to initiate the process. 


If the name you supply matches an existing name, 
you're asked if you want to use the data in the existing 
file.’4 You can type the letter Y to use the existing data 
or the letter N to overwrite it. 


When the merge screen appears, four menus provide 
all commands for the process. 


Files 
Editor 
Resolution 
Setup 


Status fields across the center of the screen identify the 
output-file name, current input-file name, and the 
number of files combined during this session. 


Initially, the output-file name is specified. However, the 
input file name is not listed until you retrieve the first 
input file. 


The detectable-conflicts and pin-summary tables reflect 
the status of a comparison that’s made after you 
retrieve an input file or resolve conflicts. Messages and 
prompts appear at the bottom of the screen as usual. 


14 You can begin with existing data and merge other designs with the existing file. 
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MERGE DESIGN FILES 
EDITOR RESOLUTION 


Get next input file 
Merge files 

List combined files 
Save 

Abandon input 
Quit 


Output File CNTR.PDS Input File Files Combined 0 


Detectable Conflicts 


State 
Pins/Nodes 
Strings 
Vectors Unreferenced 
Conditions 
Architecture 


Specify file name for next input file. [ <Enter> Select <Esc> Exit ] 


Specify Setup To specify the setup options, 

Options 
1. Select the Options command from the Setup 
menu. 


A form appears where you can specify the pin sort 
order, floating pins on input, and reusing input files, 
as shown next. 


- S 
ete. fete 
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2. Display options for the pin sort order and select 
one. 


It's a good idea to float pins on input, which assigns a 
question mark, ?, in the location field of all pin and node 
statements in the output file. This resolves pin-number 
conflicts and allows locations to be determined auto- 
matically during compilation and fitting. 


3. Confirm options inthe form: press [F10]. 


Next, you can specify a substitute-naming algorithm to 
use when a signal in the input buffer conflicts with a 
signal in the output buffer. The default, $_#, adds an 
underscore and a three-digit number to the signal name 
in the input buffer: _00n, for example. 


Once you've set up the environment, you can begin the 


process. 
2.3.2 RETRIEVE The merge procedure temporarily stores input and 
FILES output data in separate memory buffers. Initially the 


input buffer is clear. The output buffer contains only a 
PDS-file shell, which contains empty declaration and 
equation segments. !° 


Note: The declaration segment contains only a few 


keywords. Header information for the combined design 
is taken from the first input file. 


The output file name appears on the screen under the 
Files menu; the input file name area is blank. 


15 If you started the merge process using data from an existing file, the output buffer contains design 


information from that file. In this case, skip to the discussion on subsequent Files. 
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First File To get the first file, 


1. Select the Get next input file command on the Files 
menu to retrieve a design. 


A form appears where you can either type a file name 
or display a list of files and select a name from the list. 


¢ If the form contains *.pds, press [F2] or [Enter] to 
display a list of all PDS files. 


¢ If the form contains *.*, press [F2] or [Enter] to 
display a list of all files; however, select only a PDS 
file. 


When the file is retrieved, it is automatically parsed, 
expanded, and minimized. __If errors are found in the 
input file, you must quit and correct them before you 
can merge the file. However, if no errors are found, the 
file is placed in the input buffer. 


2. Review the pin-summary data on the screen. 


The pin summary table provides the information shown 
in Table 1, next. 


Table 1: Pin Summary 


FIELDS DEFINITIONS 


Pins Number of pins defined in 
the input and output files 


Nodes | Number of nodes defined in 
the input and output files 


Floating Number of floating pins and 
nodes in the input and output 
files 


Unreferenced Number of named pins not 
used in equations 


You can use the Abandon input file command on the 
Files menu, to clear the input buffer if the file is inappro- 
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priate, then get a different input file. If the file is 
appropniate, 


3. Select the Merge files command on the Files menu 
to combine the input file with the output-file shell. 


The input file is moved into the output buffer; the 
input buffer is now cleared. The status line in the 
center of the screen notes that one file has been 
merged into the output buffer. 


You can view the information in the output buffer at any 
time using the View output buffer command on the 
Editor menu. If you do this, you'll notice that the 
header, pin and node statements, and equations are 
derived from the input file. The simulation data was 
omitted. It’s best to write simulation commands for the 
combined design in an auxiliary simulation file at a later 
time. To return to the merge screen, just press [Esc]. 


Recommendation: It's a good idea to save the output 

before getting the next input file. 

4. Select the Save command on the Files menu to 

write the information in the output buffer to a file. 

Subsequent Files This is a repeat of earlier steps. 

1. Get the next input file. 

This file is placed in the input buffer and compared with 

existing data in the output buffer. Status tables change 

appropriately. 


2. Review the pin summary table to determine if the 
design fits in the specified device. 


e If the design is not suitable, you can abandon 


the input file to clear the buffer and get a 
different input file. 
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¢ If the design is suitable, begin resolving 
conflicts, as discussed next. 


2.3.3 RESOLVE Conflicts fall into two categories: detectable and 

CONFLICTS undetectable. Detectable conflicts occur when signals 
in the input and output buffer have the same name or 
pin number. These can be resolved using the conflict- 
resolution form. 


¢ If the intent is to use separate signals, you must 
rename one. 


e If the intent is to use the same signal, you must 
bind them together. 


The default action is to rename the signal in the input 
buffer. 


When you specify no floating pins on input as a setup 
option and two pins are assigned to the same pin 
location on the device, the word Wildcard appears in 
the Action list. In this case, a question mark is 
automatically assigned to the pin location in the input 
buffer.16 To restore the pin location specified in the 
input buffer, you must edit the pin/node list in the output 
buffer after combining the files. 


Undetectable, resolvable conflicts occur when two 
signals with different names refer to the same signal. 
You can bind these signals together to resolve the 
conflict. Conflicts with other named elements, such as 
state, group, and string names do not occur because 
the input file was expanded and minimized so these 
potential conflicts are no longer present. 


16 Refer to Section Il, Chapter 5 and Section IV, Chapter 10, for additional details about floating pin 
locations. 


2-36 PALASM 4 USER'S MANUAL, SECTION I, GETTING STARTED February 1991 


Review Detectable To determine which detectable conflicts exist, 
Conflicts Table 
1. Review the detectable-conflicts table, which 
identifies the number of pin/node conflicts detected 
when data in the input and output buffers were 
compared. 


When no conflicts are reported, you can merge the files 
and save the data and then get the next input file. 
However, it is best to resolve conflicts in the input 
buffer, if they exist, before merging data. 


2. Select the Resolve detectable conflicts command 
on the Resolution menu. 


A conflict-resolution form appears listing all signals with 
detectable conflicts. 


CONFLICT RESOLUTION 


Output File sie File Action Substitute 


os x ORS ONS OOO sere ceces tee 
ox ae .. ro 


Sedat INPUT RESET 001 


Output File: Pin? CLOCK COMB 
Input File: Pin? CLOCK COMB 
RESOLUTION: RENAME INPUT -- In input file change 
‘PIN ? CLOCK COMB’ to ‘PIN ? CLOCK_001 COMB’ 


This form includes two columns with option fields and 
two columns with status fields. 


¢ Status fields: Output File and Input File 


February 1991 CHAPTER 2, DESIGN ENTRY DEMONSTRATION 2-37 


Rename Signals in 
the Input Buffer 


¢ Option fields: Action and Substitute 


Each row identifies a single conflict and includes the 
information in Table 2, below. 


Table 2: Conflict Resolution 


FIELDS DEFINITIONS 


Output File Signal name in the output file 


Input File Signal name in the input file 


The action to resolve the 
conflict: Rename input, 
Bind, or Wildcard 


Action 


The name that's assigned 
automatically to the signal in 
the input buffer 


Substitute 


At this point, you take action as follows. Discussions 
below provide guidelines for each task. So skip to the 
discussion that suits your design. 


¢ Rename signals in the input buffer. 

¢ Bind signals together. 

¢ Combine files when all conflicts are resolved. 

¢ Edit the pin/node list in the output buffer. 

¢ Save the output file. 

e Edit the combined design to re-engineer it for the 
MACH device. 


Important: The input file is not changed, only data in 
the input buffer is altered. Changes do not become part 
of the output file until you combine files and save the 

data in the output buffer to a file. 


This discussion covers two cases, so skip to the case 
that is required for your design. 


It's best to handle Wildcard actions first. For example, if 
you have two designs with the following pin statements 
and you specify no floating pins on input as a merge- 
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setup option, a pin number conflict is detected and 
Wildcard appears in the Action column of the conflict 
resolution form. 


PIN 6 CLOCK ;design 1 
PIN 6 CLK ;design 2 


To recover from a Wildcard action, you complete 
one of two procedures. 


1. Resolve other conflicts on the resolution form, 
press [F10] to accept the changes and return to the 
status screen, merge and save the design, then 
edit the pin/node list in the output buffer as 
described later. 


or 


2. Leave the conflict resolution form, abandon the 
input file, specify floating pins on input as a setup 
option, and get the file again. 


After resolving wildcard actions, you may find the same 
name is used in both the input and output design 
though it references different signals. When this 
conflict is detected, one of the signals must be 
renamed. 


When a signal is renamed, a substitute name is 
provided automatically to replace every occurrence of 
the original in the input buffer. Default substitute names 
include the original signal name and an extension that's 
defined using the Set renaming strategy command on 
the merge-process Setup menu. You can either 
accept or change the substitute name in the conflict- 
resolution form. 


For example, suppose you have two designs that each 


contain a single equation with registered output, as 
shown next. 
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=[1+I2 
.CLKF=CLOCK 
.RSTF=RESET 
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=J1+I2 
.CLKF=CLOCK 
-RSTF=RESET 


A conflict is detected for each set of signals with the 
same name: 11, 12, Q0, and RESET. In this case, 11, 
I2, and QO represent different signals in each design. 
The desired resolution is to rename the signals in the 
input buffer as I3, 14, and Q1; the substitute name that's 
assigned automatically is not appropriate. 


To change the substitute that’s used to rename a 
signal, 


1. Select the Substitute field: press the [Tab] key. 


2. Type anew name to distinguish it from the signal in 
the output buffer and press [Enter]. 


The substitute name must be unique; it cannot 
match an existing name without causing a new 
conflict. 


Changes aren't reflected in the status data at the bot- 
tom of the screen until you leave the field and return to 
it. Each occurrence of the name is replaced in the input 
buffer. 


When all signals are renamed appropriately, you can 
either bind signals as described in the next discussion 
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or complete step 3 to return to the detectable conflicts 
table. 


3. Confirm the changes and return to the tables: 


press [F10]. 
Bind Signals When one name is used in both the input and output 
Together designs to reference the same signal, a conflict is 


detected. In this case, the problem signals are listed on 
the conflict-resolution form. However, when two signals 
of different names refer to the same signal, no conflict 
is detected and you must bind these signals manually 
using the Bind command to display the appropriate 
form. 


For example, suppose you have two designs each 
containing a single equation a with registered output, as 
shown next. You intend to use the same control signals 
to clock and reset both equations. 


=11+I2 =11+12 
.CLKF=CLOCK (CLKF=CLOCK 
OO.RSTF=RESET OO.RSTF=RESET 


In this case, respective signals must be bound using a 
common name. Reset appears in both designs so it is 
listed on the conflict-resolution screen and a substitute 
name is provided automatically. The appropriate action 
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is to bind rather than rename the signal in the input 
buffer. 


However, the clock signals in each design are currently 
named differently. Since no conflict is detected, you 
use the Bind command on the Resolution menu to 
display the bind form where you can select from a list of 
signals in each design. 


To bind signals with identical names, you use the 
conflict-resolution form, as follows. 


1. Select the Resolve detectable conflicts command 
from the Resolution menu. 


2. Activate the Action field on the form that corre- 
sponds with the appropriate signal and display the 
list of options: press [Tab] then press [F2]. 

3. Select Bind from the list and press [Enter]. 


Changes aren't reflected in messages at the bottom 
of the screen until you leave the field and return to 
it. 


When all appropriate signals are bound, 


4. Save changes to the conflict-resolution form: press 
[F10]. 


A message indicates the number of signals that will 
be moved to the bind form. 


When you leave the conflict-resolution form, the bound 
signals are moved to the bind form. 


To undo the bind operation after leaving the 
conflict-resolution form, 


1. Select Bind pins/nodes from the Resolution menu: 
type the letter B. 


2. Select the Action field for the appropriate signal and 
display the options: press [Tab] then [F2]. 


February 1991 


3. Select No action from the list: type the letter N. 
4. Confirm changes and leave the form: press [F10]. 


To bind signals with different names, you must use 
the Bind form, as follows. 


1. Select Bind pins/nodes from the Resolution menu: 
type the letter B. 


The bind form appears listing all signals that were 
bound from the conflict-resolution form, as shown 
next. 


Output File Input File Action Substitute 


sateteaptatetocancoheatet ste 
Se 


Output File: Pin? CLOCK COMB 
Input File: Pin? CLOCK COMB 
RESOLUTION: BIND — In input file change 
‘PIN ? CLK COMB’ to ‘PIN ? CLOCK COMB’ 


This form is similar to the conflict resolution form; 
however, the field types differ as follows. 


¢ Option fields: Output File and Input File 
¢ Status fields: Action and Substitute 


To bind signals here, 
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2. Select an empty Output File field and display the 
options: press [Tab] then [F2]. 


A list of all signals in the design is displayed. 


3. Choose the signal in the output file, CLK, for 
example: press the down-arrow key, then [Enter]. 


4. Activate the Input File field, display the options, and 
select the name, for example, CLOCK. 


The two signals are bound together and the name 
from the output buffer is used. Each occurrence of 
the name is replaced in the input buffer. 


5. Confirm changes on the bind form, then check the 
conflict form for new conflicts. 


After all conflicts are resolved, you can merge the files 
as discussed next. 


2.3.4 MERGE FILES You merge data in the input buffer with the data in the 
output buffer after all conflicts have been resolved. 
Then you can edit the pin/node list if needed. 


1. Review the detectable-conflicts table to verify that 
all have been resolved. 
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Important: Once begun, the merge process 
cannot be stopped. To reverse this operation, you 
must quit and restart as follows. 


° Select Quit from the Files menu; do not save 
the current output file. 


You lose all changes to the input buffer. 


Select the Merge design files command from 
the File menu to initiate the operation again, 
then specify a new output file name. 


Get and combine the previous session's 
output file into the new output-file shell and 
continue. 


2. Select the Merge files command from the Files 
menu, then save the output. 


The resolved, merged design that was discussed earlier 
is shown next in both text equations and schematic 
form. 


QO0=I1+I12 
.CLKF=CLOCK 
-RSTF=RESET 


QO=13+14 
CLKF=CLOCK 
[RSTF=RESET 
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Edit Combined Data After merging files, you can edit the combined data to 
change header information, the device type, or change 
the name or location of a signal. 


To edit header information, 


1. Select the Edit pin/node list command on the 
Resolution menu. 


Data in the output buffer becomes available and 
includes the header and pin/node list from all 
designs combined thus far. 


Data appears in a form, like the declaration-segment 
form for new PDS files. The top of the form includes 
the usual header fields; the information here is the 
same as from the first input file, shown below. 


PIN/NODE 


Title 16 Bit Counter 

Pattern EXCNT2 

Revision A 

Author Gail 

Company | ADVANCED MICRO DEVICES 
Date 02/90 


CHIP ChipName= LEXCNT2 Device= LMACH110 


Number Name Type Comment 


REGISTERED 
REGISTERED 
REGISTERED 
REGISTERED 
REGISTERED 
REGISTERED 
REGISTERED 
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2. Activate the appropriate field and edit text as usual. 
To change the device type, 


1. Activate the Device field and display a list of 
options. 


2. Select the MACH device you want to use. 

The pin node list at the bottom of the screen can be 
scrolled and includes all combined data in the output 
buffer. 

To change a pin name or number, 


1. Select the appropnate pin or node statement. 


2. Enter information using appropriate syntax for each 
field as you would in the declaration segment form. 


3. Save data in the buffer when all editing is complete: 
press [F10]. 


You can re-enter the buffer to create additional 
pin/node fields. At least twenty empty fields become 
available at the end of the pin/node list each time you 
enter this buffer. 

Save Combined Data When the files are merged, 


1. Save the output to disk. 


2. Get the next input file and repeat the entire process 
until all files are combined. 


3. Quit when you're finished. 


4. Edit the combined design using a text editor to re- 
engineer it for a MACH device, as discussed next. 


You can now re-engineer the combined design. 
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2.3.5 RECOMPILE After you combine all files for a single MACH-device 

THE COMBINED design, you need to recompile the resulting PDS file. 

DESIGN The new .PDS file may be processed as any other 
.PDS file, using the full array of optimization options. 
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SCHEMATIC-BASED MACH-DESIGN 
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SCHEMATIC-BASED MACH- 
DESIGN DEMONSTRATION 
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Steps in this guide demonstrate the schematic-based 
design flow using a sample design provided by AMD. 
As you complete activities in this guide at the work- 
station, you'll explore features of the MACH 110 device 
and the PALASM 4 software. 


¢ You'll view and compile and fit a design that 
implements the heart of a DMA address generator 
for a single MACH 110 device. 


In the process, OrCAD/SDT III schematic files are 
automatically converted into a single PDS file. 


¢ You'll view reports produced during the compilation 
and fitting process. 


¢ You'll simulate the design and view the results. 
Activities here assume you are familiar with the 
following; therefore, information from the sources below 


is not repeated. 


¢ OrCAD/SDT Ill software and manuals 
¢ MACH Devices Data Book 
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3.1 DESIGN 
EXAMPLE 
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This design implements the fundamental features of a 
DMA address generator, which is used to generate 
addresses for data that’s transferred sequentially to or 
from amemory. The number of transfers is controlled 
by a word counter. 


The DMA address generator consists of two major 
portions: an address counter and a word counter. The 
address counter is implemented with two cascaded 
4-bit up counters and the word counter is implemented 
with two cascaded 4-bit down counters. 


The DMA address generator setup involves the 
following steps. 


¢ Load the address counter with the starting address 
of the memory transfer. 


¢ Load the word counter with the number of memory 
transfers. 


¢ Assert the enable signal. 


Once the enable signal is activated, the following 
events occur at each rising edge of the clock signal. 


A. The word counter is decremented by one. 
B. The address counter is incremented by one. 


When the word counter reaches a count of zero, the 
terminal-count signal, TC, is asserted, which inhibits 
further counting. 


The top-level logic diagram is shown next. It's 
composed of four hierarchical blocks connected by a 
common bus. Each block is linked by module ports to a 
lower-level schematic that defines one of the two 
counters. 


e The two blocks on the left are connected to word- 
counter logic. 
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e The two blocks on the right are connected to 
address-counter logic. 


To allow cascading, each counter has count-in and 
count-out ports and uniquely numbered output signals. 


A_CNTRO 


ENABLE 
LOAD 
CLOCK 
TCIN 


A_CNTRI1 
Qo CIN Q0 g S24 


Do DO =—s aq OS 


D1 Q2 D1 Q2 
D2 Q3 D2 Q3 QT — 
D3 (exe) D3 CO_UNUSED 
CO 

ENAete ENABLE NC 
LOAD 

LOAD 
CLOCK 
TCIN CLOCK 

TCIN 


Advanced Micro Devices, Inc. 
901 Thompson Place 
Sunnyvale, CA 94088 


Title 
DMA ADDRESS GENERATOR 


Document Number 
B 1 


Date: May 22, 1990 Sheet 1 of 3 
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3.1.1 ADDRESS The address counter, an 8-bit up counter, provides the 

COUNTER Current memory address. This design is composed of 
two identical 4-bit up counters, each of which has 
carry-in, CIN, and carry-out, CO, ports to allow 
cascading. 


The counter is loaded by asserting the LDACNTR 
signal for one clock period while presenting the starting 
address at the data inputs. 


The counter increments on each clock edge when CIN 
and ENABLE are both high and TC is low. 


Note: The address counters A_LCNTRO and A_CNTR1 
are two instances of the same macro. Therefore, only 
one underlying schematic sheet, labeled sheet 2 of 3, is 
needed. 
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Date: 


3.1.2 WORD The word counter, an 8-bit down counter, provides the 

COUNTER count of the remaining memory transfers. This design 
is composed of two identical 4-bit down counters each 
of which has CIN and CO ports to allow cascading. 


The counter is loaded by asserting the LDWCNTR 
signal for one clock period while presenting the initial 
word count at the data inputs. 


The counter decrements on each clock edge when CIN 
and ENABLE are both high and TC is low. 


Note: The word counters WD_CNTRO and 
WD_CNTR1 are two instances of the same macro. 


Therefore, only one underlying schematic sheet, 
labeled sheet 3 of 3, is needed. 
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3.2 CONFIRM The steps that guide you through various activities in 
THE SETUP the schematic-based design cycle are presented next. 


important: The left column of this guide shows 
prompts and identifies which key you press, what you 
type, or what you must select on the screen to respond 
correctly. Sometimes, a prompt appears in the left 
column before the required response to help you track 
the process. 


The right column of this guide provides information 
and numbered steps that explain what to do or select 
in more detail and describe what happens on the 
screen. 


Tip: For a quick tour, you can type the text, select the 
boxed item, or press the key named in the left column; 
refer to the right column for details or clarification. 


To begin from the operating system, 


C:> 1. Type PALASM and press [Enter] to execute the 
PALASM [Enter] software. 


The AMD logo and copyright notice appear. A 
message at the bottom of the screen prompts you. 


Press any key ... 2. Dismiss the copyright notice and continue: press 
[Spacebar] the [Space bar] or any other key. 


Menu names appear across the top of the screen. 
The File menu is open, the first item is highlighted. 


The sequence of tasks is listed below. 


e Retrieve the design 
¢« Verify the setup 
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3.2.1 RETRIEVE THE 
DESIGN 


Begin new design 
Retrieve existing design 
oe cenit files 


Delete specified { files 
Set up .. 
Go to sysctl 


Quit 


C:\WPALASM\EXAMPLES 
[F10] 


Before you can perform any design task, you must 
identify the name of the design you'll work on. To 
ensure that you'll be able to retrieve the AMD-supplied 
design example, first change the working directory. 


To change the working directory, 


1. Select the Change directory command from the File 
menu: type the first letter of the command, which 
appears in the menu as a Capital letter, when the 
menu is open. 


Alternatively, you can press the down arrow to 
highlight the command, then press [Enter] to select 
it. 


A form like the one below appears showing the 
current working directory path. The path on your 
screen may differ. 


C:\PALASM\EXAMPLES 


lf the directory path on your screen does not match the 
one shown above, complete step 2. Otherwise, just 
press [F10] to accept the directory path shown. 


2. Type the path name shown beside this paragraph 
and press [F10] to confirm it. 
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ea ede files 


Change directory 
Delete specified files 
Set up .. 

Go to system 

Quit 


Input format: TEXT 
[F2] 


File name: 
ORCADDMA.:SCH [F10] 


To retrieve the design, 


1. 


Select Retrieve existing design from the File menu: 
type the letter R. 


A form appears, as shown below. The default 
format, TEXT, is specified; space is provided for 
the file name. The highlighted field is active. 


Input format: TEXT 


File name: 7 


If the input format on your screen is TEXT, complete 
steps 2 and 3. Otherwise, skip to step 4. 


2. 


Display the format options: press the [F2] key. 


The first option is highlighted when the list appears. 


. Select Schematic: type the letter S. 


You're returned to the form and Schematic is 
highlighted. 


Activate the next field: press the down-arrow key. 


The field is highlighted to show that it is active. 
*.* indicates you can display a list of all file names 
to choose from, or type a name. 


. Type the name shown at left, ORCADDMA.SCH, 
then press [F10] to confirm your specifications. 


The form is dismissed. Design information may 
appear in the lower-rnght corner of the screen. 
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3.2.2 VERIFY SETUP You're ready to verify that the defined setup is 
appropriate for this design. There are four kinds of 
setup options you can access through the File menu. 


1. Select Set up from the File menu: type the letter S. 


Begin new design 
Retrieve existing design 
Merge design files 
Change directory 


A submenu opens offering four options: Working 
environment, Compilation options, Simulation 
options, and Logic synthesis options. 


Any command that includes an ellipses, ..., displays a 


submenu of associated commands when selected. 
Go to syste 


Quit 


2. Select Working environment from the submenu: 
type the letter W. 

Compilation options 

Simulation options A form appears that identifies specifications like 

Logic synthesis options those shown below. 


Editor program: C:\PALASM\EXE‘ED.EXE 

RS-232 communication program: C:PALASM\EXE\PC72.exe 
Provide compile options on each run: y 

Provide simulation options on each run: 

Display design information window: 


Y 
Y 
Turn system bell on: N 
Generate netlist report: Y 


The first field identifies the path name to the text editor 
you use to edit a PDS file. The second field identifies 
the path to the communications software used to down- 
load a design. 
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The third and fourth lines define whether or not a setup 
form appears when you compile or simulate the design 
using the corresponding command on the Run menu. 


Important: For this example, the specification for 
both forms should be the letter Y so they appear when 
you process the design. 


Provide compile options on each run Y 
Provide simulation options on each run > 


Note: When working on your own design, you can 
display the corresponding setup form at any time using 
the steps below. 


¢ Select the Set up command from the File menu. 


¢ Select either Compilation options or Simulation 
Dtions from the submenu. 


The option below defines whether or not current design 
information appears in the lower-right corner of the 
screen. 


Display design information window Y 


When the system bell is turned on, a tone sounds to 
warn you about errors. Also, a netlist report can be 
generated; however, it is not critical for this design. 


If the options on your screen differ from those above, 
complete step 3. Otherwise, skip to the step 4. 


3. Activate the appropriate field, then type the letter Y: 
just press the down-arrow key, then type. 


After you type, the next field is automatically 
activated (highlighted). 
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[F10] 


[Esc] 
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When you finish, 


4. Confirm the specifications and dismiss the form: 
press the [F10] key. 


You're returned to the submenu; the last command 
selected remains highlighted. 


5. Dismiss the submenu: press [Esc]. 


You're returned to the File menu; the Set up 
command remains highlighted. 


Next, you view the design file. 
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3.3 VIEW DESIGN 
FILES 


3.3.1 VIEW THE 
SCHEMATIC 


Control file for schematic design 
Auxiliary simulation file 
Other file 


The schematic-based design you use for activities in 
this chapter is already complete. 


Note: When you create a schematic design using the 
Begin new design file command on the File menu, two 
files are created simultaneously. 


An empty schematic file is produced using the 
specified design name. 


A control file is created using the specified design 
name with a .CTL extension, design CTL. A form 
appears so you can enter the declaration segment 
for the PDS file that is produced when schematic 
data is converted to text. 


You use commands on the Edit menu to review both 
files for this design. 


In the following steps, you review the schematic design 
you identified using the Retrieve design file command. 


Tip The following steps are provided to familiarize you 
with the AMD-supplied design example. If you already 
know OrCAD/SDT IIl commands and don’t want to 
review the schematic on the screen, you can skip this 
discussion and review the control file for the schematic 
as discussed under 3.3.2. 


1. Select Schematic file from the Edit menu: press the 
right-arrow key to open the menu, then select the 
command as usual. 


After a few seconds, you leave the PALASM envi- 
ronment temporarily and OrCAD/SDT III becomes 
available. The OrCAD/SDT Ill logo appears with a 
prompt at the top of the screen. 
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Press any key... 2. Dismiss the logo and continue: press [Space bar] 
[Spacebar] or any other key. 


The copyright screen appears with a prompt at the 
top of the screen. 


[Spacebar] 3. Dismiss the copyright screen and continue. 
The OrCAD editor becomes available and the top- 
level schematic appears; the entire sheet is 
reduced to fit in the upper-left corner of the screen. 
OrCAD/SDT Ill lists available commands on menus and 
submenus. You access all commands through the 
main menu as follows. 


(Enter] 4. Display the main menu: press [Enter]. 


All primary commands are listed on the main 
menu. 


There are several ways to select a command in OrCAD; 
this guide uses the first method listed below. 


¢ Type the capital letter at the beginning of the 
command, as you do with PALASM 4. 


¢ Press arrow keys to highlight a command and press 
[Enter] to select it, as you can with PALASM 4. 


¢« Use the mouse to highlight the command and click 
the left button to select it. 


Grid parameters assist you in locating specific areas of 
the schematic. 


To display grid references, 
S 1. Select the Set command: type the letter S. 


A submenu of set commands appears. 
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2. Select the Grid parameters command, then select 
the Grid references command: type the letter G 
twice. 


3. Confirm the display of grid references: type the 
letter Y. 


References appear across the top of the worksheet 
and along the left border. 


To view the design in greater detail, 


1. Move the cursor to the area you want to display, for 
example, a block on the sheet or the title box in the 
lower-right corner. 


2. Select the Zoom command. 
A submenu appears offering several choices. 
3. Select the In command. 


The screen shows the schematic in greater detail 
and the submenu is dismissed. 


Unlike PALASM 4, where the menu must be open to 
select a command, the main menu need not be visible 
to select primary OrCAD/SDT commands. However, a 
submenu must be open to select secondary 
commands. 


4. Select Zoom and In again so you can read the 
signal names on the worksheet. 


You can use either the arrow keys or the mouse to 
drive the cursor and to move the design around the 
screen. In addition, you can use the Find command to 
move the cursor to a specific named component or 
block. 
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Find? 
WD_CNTR1 [Enter] 


EE 
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To find a hierarchical block, 
1. Select the Find command. 
The command line changes to a prompt. 
The Find command does not locate generic component 
names nor signal names. You must specify the 


assigned name or assigned reference designator. 


2. Type the name of the word-counter block in the 
lower-left corner, WO_CNTR1, and press [Enter]. 


The cursor moves immediately to the upper-left 
corner of the block you identified, which now 
appears centered on the screen. 

To view the sheet below the selected block, 

1. Select the Quit command. 


A submenu appears listing options. 


2. Select the Enter sheet command, then select the 
Enter command: type the letter E twice. 


The lower-level sheet is displayed. This sheet is 
also reduced. 


You are now in a viewing mode. Currently available 
commands are listed across the top of the screen. 


To zoom in and compare this schematic against the 
appropriate one at the beginning of this chapter, 


1. Move the cursor into the area you want to view and 
select the Zoom In command three times. 


You can use the Jump command to immediately 


display a specific area of the design based on grid and 
screen coordinates. 
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J 2. Select the Jump command. 
A menu of Jump options appears. 


Tag options are listed in the Jump menu but there are 
no tags in this design. Reference, X, and Y options 
refer to grid parameters and screen coordinates. 


R 3. Select the Reference command. 


A menu displays letters that correspond to grid 
references along the left border of the worksheet. 


B4 4. Type the letter B and the number 4 to specify an 
area. 


The specified area is displayed in the center of the 
screen. 


At this point, you could exit the viewing mode to edit the 
lower-level sheet. However, since no changes are 
needed for this example don't escape from the viewing 
mode. 


To return to the top-level sheet and leave 
OrCAD/SDT Ill, 


L [Esc] 1. Select the Leave command, then press [Esc] to end 
the sequence. 


You're returned to the top-level sheet, which is 
restored to the original reduced size. 


Important: If you exited the viewing mode to edit the 
worksheet, you must select the Quit command before 
you can leave the lower-level sheet. 


Aliso: Do not update the file; to do so may adversely 
affect the results. If you made changes, you're asked 
to abandon changes upon leaving. In this case, your 
response should be Yes. 
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QA 2. Select the Quit command, then select the Abandon 
Edits command. 


You're returned to the PALASM environment. 


3.3.2 VIEW THE Next, you’ view the control file for this design, which will 
CONTROL FILE be used as the declaration segment of the PDS file 
that’s produced later from converted schematic data. 


1. Select the Control file for schematic design 
command from the Edit menu: press the right- 
arrow key to open the menu, then type the letter C. 


Auxiliary The form below appears containing all standard 
Other file PDS-file header information. The form contains 
text fields and one option field. The Title field is 
active. The device type must be specified here, 
not in the schematic. 


Schematic CTL File Information 


Title ORCADDMA 
Pattern ? 

Revision 1.1 

Author Gerry Smith 
Company AMD 

Date 02/05/91 


Chip ChipName = orcaddma Device= MACH110 


This form was completed by the author before the 
schematic was started. The date is today’s date. You 
can change the information in this file anytime. 


important: Don't change any information during this 
exercise. 
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[Esc] 2. Dismiss the form and cancel any changes you may 


have made by pressing [Esc]. 
A confirmation form asks if you are sure. 

3. Type the letter Y to indicate you are sure. 
You're returned to the PALASM environment. 


Next, you compile and fit the design. 
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3.4 COMPILE THE 
DESIGN 


Begin new design 
Retrieve existing design 
Merge design files 
Change directory 


Delete specified files 


Go to system 


Quit 


Working environment 
Compilation options 


Before you compile a design it’s a good idea to review 
logic synthesis, compilation, and MACH fitting options 
as follows. 


1. Select Set up from the File menu: press the left- 
arrow key to open the menu, then type the letter S. 


A submenu appears with four options. 


The compilation and simulation-options forms are set 
to appear automatically when you complete those 
operations using commands on the Run menu. For 
now, you review only the logic-synthesis options. 


2. Select Logic synthesis options from the submenu. 


A form appears that identifies specifications for 
pairing, gate splitting, register optimization, polarity, 
and unspecified-default condition settings, as 
shown next. 


LOGIC SYNTHESIS OPTIONS 


Use automatic pin/node pairing? 


Use automatic gate splitting? 


Optimize registers for D/T-type 
Ensure polarity after minimization is Best for device 
Use ’IF-THEN-ELSE’,’CASE’ defaultas Don’tcare 


N 
N ...if ’Y’, Max =4 
Best type for device 
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Important: For this design, the following options must 
be specified. 


Use automatic pin/node pairing? N 
Use automatic gate splitting? N 


Optimize registers for D/T-type Best type for device 


Ensure polarity after minimization is _ Best for device 


Use ‘IF-THEN-ELSE’, ‘CASE’ default as Don’t care 


If the specifications on your screen differ, complete 


steps 3 or 4. Otherwise, skip to step 5. 
field name ... 3. Activate the appropriate text field and type the letter 
N N to change the specification in a text field. 
field name... 4. Activate the appropriate option field, press [F2] to 
[F2] display options, type the letter B to select either of 
B the Best for device options. 


When all specifications match those in the figure above, 
[F10] 5. Accept all specifications: press [F 10]. 


The form is dismissed, any changes are recorded, 
and the Set up submenu is again available. 


[Esc] 6. Dismiss the submenu: press [Esc]. 
The File menu is again available. 

To begin compilation, 

1. Select Compilation from the Run menu. 


The form below appears because of the following 
specification on the Working environment form. 


Simulation 
Both 
Other operations ... 
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COMPILATION OPTIONS 
Log file name: PALASM.LOG 
Run mode: AUTO 
Process from 
Format: SCHEMATIC File: ORCADDMA.SCH 


Check syntax: N Merge mixed mode: N 
Expand Boolean: N Minimize Boolean: Y 
Expand state: N Assemble: N 


The first field is a text field that contains the default 
name for the execution log file: PALASM.LOG. The 
second field is an option field that designates the run 
mode; AUTO completes all appropriate processes 
based on the specified device type. AUTO is appro- 
priate for this example. 


The Format and File fields are status fields that reflect a 
schematic format and the name of this design, 
ORCADDMA.SCH. All other specifications apply only 
when you specify a manual run mode. 


lf the form on your screen specifies a run mode other 
than AUTO, complete steps 2 and 3. Otherwise, skip to 


step 4. 
Run mode: MANUAL 2. Activate the Run mode field and display options: 
[F2] press the down-arrow key, then press [F2]. 


3. Select Auto from the list to change the setting. 


The list is dismissed and the specification in the 
form changes. 


[F10] 4. Confirm all specifications: press [F10]. 


The form below appears offering fitting options 
only when a MACH device is specified. 
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MACH FITTING OPTIONS 


OUTPUT: 

Report level Detailed 
SIGNAL PLACEMENT: 

Force all signals to float? x 


Use placement data from Design file 

save last successful placement <F3> 

Press <F9> to edit file containing Last sucessful placement 
FITTING OPTIONS: 

When compiling Run all until first success 


Important: For this design, the following options must 
be specified. 


OUTPUT: 


Report level Detailed 
SIGNAL PLACEMENT: 

Force all signals to float? Y 
FITTING OPTIONS: 


When compiling Run all until first success 


If the specifications on your screen differ, complete 
steps 5 and 6. Otherwise, skip to step 7. 


To float signals, 


Force all signals to float 5. Activate the appropriate field and type the letter Y 
Y to force ail signals to float. 


To change an option field, 


field ... 6. Activate the field, display the options, then select 
([F2] the appropriate one. 
R 


The list is dismissed and the specification in the 
form changes. 


When all specifications match those in the figure above, 
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[F10] 
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7. Confirm all specifications: press [F10]. 


The form is dismissed and a window opens in the 
lower-half of the screen; the process begins. 


Messages scroll by to keep you informed; errors and 
warnings are identified as they are discovered. The 
entire process takes approximately two minutes for this 
design and includes the following activities. Designs 
having more than 14 unique signals in an equation can 
cause runtime to increase exponentially. This design 
has no more than eight unique signals in a single 
equation. 


A. Certain OrCAD utilities are run to check schematics 
for electrical design-rule violations; verified 
schematic data is converted into PDS format and 
a PDS file is created for further processing. 


Note: You can manually convert schematic data to 
PDS format without additional processing, which 
can be useful when debugging a design. 


Select the Other operations command from 
the Run menu. 


Select Convert schematic to text from the 
submenu. 


B. Asyntax check is performed on the PDS file. 


C. Equations are expanded, and minimized, then 
compilation is completed. 


D. Fitting is completed and the device map and 
JEDEC files are produced. 


Note: There should be no process errors; this design 
should fit the first time. 
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[Esc] 


Execution log file 
Design file 
Reports ... 

Jedec data ... 
Simulation data ... 


Waveform display ... 
Current disassembled file 
Pinout 

Netlist report 


When the process finishes, you can scroll through 
messages on the screen or review certain reports using 
commands on the View menu. The following files 
deserve a look. 


¢ The PDS file produced from schematic data 
e The device pin-out report 


To view the PDS file created from schematic data, 
1. Dismiss the process window: press [Esc]. 


The Run menu remains open with the last 
command highlighted. 


2. Select Other file from the View menu. 


A form appears so you can enter the name. 


The PDS file is named after the schematic design with 
a .PDS extension. 


ORCADDMA.PDS [F10] 3. Type the file name, ORCADDMA.PDS, into the 
form and confirm with [F10]. 
A window opens so you can view the file. 
However, you cannot edit the file in this mode. 
This PDS file represents the text version of converted 
schematic-based design data. Portions of the file are 
shown below, including the following. 
¢ Declaration segment you viewed as a control file 
e Partial equations segment 
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The question marks, ?, in pin statements indicate 
floating pin locations on the device. 
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; NET2PDS - vers 4.05.21 (12/06/1990) - (c)1991 Advanced Micro Devices, 


; PDS file created 


2/10/1991 
; Sourcefile: “orcaddma.jnf" 


TITLE ORCADDMA 
REVISION 1.0 
PATTERN ? 

AUTHOR Gerry Smith 
COMPANY AMD 


DATE 2/15/91 


CHIP 


PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 


orcaddma 


YO VY VY NY VY VY NY WV VY 


~~ 


EQUATIONS 


Q3_WD = ((Q3_WD :+: /(Q2_WD + Q1_WD + QO_WD + /ENABLE)) * ((/TC * ENABLE) * 


Q3_WD. 
Q3_WD. 
Q3_WD. 
Q2_WD 


Q2_WD. 


[Esc] 
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Q3_WD 
Q2_WD 
Q1_WD 
QO_WD 
CLOCK 
D3 
LDWCNTR 
D2 

D1 
ENABLE 


1:20p 

REGISTERED 

REGISTERED 

REGISTERED 

REGISTERED 
; Input 
;Input 
; Input 
;Input 
;Input 
; Input 


Inc. 


/LDWCNTR)) + (Q3_WD * ((/TC * ENABLE) * /LDWCNTR)) + (D3 * LDWCNTR) 


clkf = CLOCK 
setf = GND 
rstf = GND 
= ((Q2_WD :+: 


/(Q1_WD + QO_WD + /ENABLE)) * ((/TC * ENABLE) * 


/LDOWCNTR)) + (Q2_WD * (/(/TC * ENABLE) * /LDWCNTR)) + (D2 * LDWCNTR) 


clkf = CLOCK 


4. Dismiss the view window when you are finished 


with the PDS file: press [Esc]. 
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Compilation 
Simulation 


2. Select Back annotate signals from the submenu. 
A list of three options appears. 
Disassemble from ... 
Recalculate jedec checksum 
Translate from plpl 
Execute 
3. Select Use last successful placement from the list. 
3 A window opens and messages keep you informed 
Take from saved placement about the process. Errors and warnings are identi- 
fied as they are discovered. There should be no 
errors in this file. 
[Esc] [Esc] [Esc] 4. Dismiss the window, list, and submenu: press [Esc] 
three times. 
You are returned to the Run menu. 
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You can back annotate the PDS file to include the 
signal placements assigned automatically during the 
fitting process. 


To back annotate the PDS file, 


1. 


Select Other operations from the Run menu. 


A submenu opens offering six options, as shown 
next. 


To view the back-annotated PDS file, 
1. Select Other file from the View menu. 


Execution log file Again, the form appears so you can enter a name. 
Design file 


Reports ... 
Waveform display ... 
Current disassembled file 


Pinout 
Netlist report 


ORCADDMA.PDS [F10] 2. Type the file name, ORCADDMA.PDS, into the 
form and confirm. 


Pin statements in the back-annotated PDS file are 
shown in part below. The question marks, which previ- 
ously designated floating pin locations, have been 
replaced with actual locations assigned during fitting. 


; NET2PDS - vers 4.05.21 (12/06/1990) - (c)1991 Advanced Micro Devices, Inc. 
Q3_WD REGISTERED 


Q2_WD REGISTERED 
Q1_WD REGISTERED 


QO_WD REGISTERED 
CLOCK 

D3 

LOWCNTR 

D2 


[Esc] 3. Dismiss the viewing window when you finish. 


Next, you'll view the device pin-out report. 
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1. Select Pinout from the View menu. 


Execution log file 
Design file 
Reports ... 

Jedec data... 
Simulation data ... 


The process takes a moment to initiate. A window 
opens and the file is displayed. 


The pin-out report is produced during the fitting pro- 
cess. It provides device pin-out data in graphic form 


Waveform display ... 
Current disassembled file and includes pin and node assignments for the device. 


Prior to back annotating signals, this report would not 

s show a signal name associated with a pin. However, 
Netlist report after back annotating signals, the appropriate name 
appears beside each pin on the device. 


Other file 


The cursor appears as a bar across the first line of the 
file. You can use the arrow keys to move up and down 
or right and left. 


—> 2. Move the cursor down and to the right to display 
information currently hidden offscreen. 


[Esc] 3. Dismiss the window when you’re finished. 


You can simulate the design next. 
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TITLE: 
REVISION: 
PATTERN: 
AUTHOR: 


COMPANY: 


DATE: 
MACRO: 


ORCADDMA 
1.1 


? 

GERRY SMITH 
AMD 

8/31/90 
ORCADDMA 


& 
! 
| 
| 
! 
| 
{ 
{ 
1 
{ 
{ 
! 
j 
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| 
j 
! 
I 
+ 

+ 

{ 

1 

| 

| 

l 

! 

1 

I 

I 

| 

! 

1 

1 

| 

! 
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i 

! 

! ! 
1 ! 
| ! 
! ! 
; ot 
! I 
1 ot 
+ + 


MACH 110 


21 22 23 24 
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3.5 SIMULATE Simulation can occur before or after compilation, or you 
THE DESIGN can use the Both command to run compilation and 
simulation sequentially. 


Before you simulate this design, you can examine the 
simulation file. You can use either the Auxiliary 
simulation file command on the Edit menu to display the 
simulation file in the text editor or you can view the file 
as you have viewed other files. 


To view the simulation file, 


1. Select Other file from the View menu. 


Execution log file 
Design file 
Reports ... 


Simulation data ... 


Again, the form opens so you can enter the name. 


Waveform display ... 
Current disassembled file 
Pinout 

Netlist report 


ORCADDMA.SIM [F10] 2. Type the name of the simulation file, 
ORCADDMA.SIM, and press {F10].. 


The file appears, as shown next. 
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SIMULATION 


TRACE_ON CLOCK QO Q1 Q2 Q3 Q4 Q5 Q6 Q7 TC LDACNTR ENABLE 
SETF /CLOCK /DO /D1 /D2 /D3 /D4 /D5 /D6 /D7 /LDACNTR /ENABLE 
SETF /LDWCNTR 
CLOCKF CLOCK 
CHECK /QO /Q1 /Q2 /Q3 /Q4 /Q5 /Q6 /Q7 /TC 
SETF D1 D3 D5 D7 LDWCNTR LDACNTR 
CLOCKF CLOCK 
CHECK /Q0 Q1 /Q2 Q3 /04 Q5 /Q6 Q7 
SETF DO /D1 D2 /03 D4 /D5 D6 /D7 /ENABLE 
CLOCKF CLOCK 
CHECK QO /Q1 Q2 /0Q3 Q4 /Q5 Q6 /Q7 
SETF D1 D3 D5 D7 
CLOCKF CLOCK 
CHECK QO Q1 Q2 Q3 Q4 Q5 Q6 Q7 
SETF ENABLE /LDACNTR /LDWCNTR 
FOR I:=0 TO 127 DBO 

BEGIN 

CLOCKF CLOCK 

END 
CHECK QO Q1 Q2 Q3 04 Q5 Q6 /Q7 
TRACE_OFF 


Notice the CLOCKF and SETF commands in the file 
above. You'll see the results of these and the TRACE 
commands in the simulation report. The CHECK 
statements verify the validity of the signals. Ifa 
discrepancy occurs, a question mark appears in the 
simulation output file. Again, you cannot edit the file in 


view mode. 
[Esc] 3. Dismiss the window when you're finished viewing 
the file. 
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To simulate this design, 
1. Select Simulation from the Run menu. 


The form below appears because of the 
specification on the Working environment form. 


Other operations ... Provide simulation options oneachrun Y 


No is the default specification for the Use auxiliary 
simulation file option; however, Y is appropriate for this 
example. 


Y 2. Type the letter Y to indicate simulation information 
is in a separate file. 


The Use placement data from option field allows you to 
specify the source of signal placement data needed to 
generate test vectors during simulation. Design file is 
the default. It is appropriate for this example, since you 
performed back annotation of signal placement data to 
the design file. 


[F10] 3. Confirm the specification and begin the simulation.: 
press [F10] 


A window opens and the process begins. 


Messages scroll by to keep you informed; the 
process for this example takes about six minutes. 
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Note: Errors and warnings are identified as they are 
discovered. There should be no errors in this design. 
However, numerous warnings are generated that do not 
affect the accuracy or completeness of the design. 


Warning M2005: No Logic Equations found is 
generated whenever you use an auxiliary simu- 
lation file because it contains only simulation 
commands, not logic equations. 


Most warnings are repetitions of D2130, which is 
generated because the flip-flops are not explicitly 
set or reset. You can explicitly set or reset flip- 
flops using the AINIT macro with three-terminal 
flip-flops. However, that is not the case with this 
design. 


When the simulation finishes, you can scroll through 
messages on the screen or view the reports. 


[Esc] 4. Dismiss the simulation-process window and return 
to the menu. 


The Run menu remains open. 
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The trace waveform file contains data specified using 
the TRACE command. 


To view the trace waveform file, 


1. Select Waveform display from the View menu. 


Execution log file 
Design file 
Reports ... 

Jedec data... 
Simulation data ... 


A submenu appears with two options, History and 
Trace. 


Current disassembled file 
Pinout 
Netlist report 


Other file 


2. Select Trace from the submenu. 


A window opens and the file appears, as shown 
below. 


e The left column provides pin names. 


¢ The right column records high and low signals 
graphically. 
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WAVE: (c)ADVANCED MICRO DEVICES, SANTA CLARA, CA 95054 WAVE1990 v0.03 


<Tlo-<,Ctrl> ,Ctrl~< ,PgUp,PgDn,Home,End> to scroll, <F2> to print <Esc> to exit. 


This file contains only the behavior of signals specified 
using the TRACE command in the simulation file. 


¢ Each instance of g represents the SETF command 
in the simulation file. 


¢ Each instance of c represents a complete clock 
cycle, which is defined by the CLOCKF command 
in the simulation file. 


You can track values on the screen using the cursor, 
which is displayed as a thick vertical bar. 


—> 3. Press the right arrow key to move the cursor toward 
the right. 
[Esc] 4. Press [Esc] to dismiss the file and return to the 
menu. 


This concludes the tutorial. 
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To exit, 


1. Select Quit from the File menu. 


Begin new design 
Retrieve existing design 
Merge design files 
Change directory 


A confirmation form appears. 


Delete specified files 
Set up... 
Go to system 


Y 2. Type the letter Y to confirm. 
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This chapter discusses strategies for MACH-device 
design entry. Information here is divided into four major 
topics. 


e The overview, 4.1, describes the methodologies 
supported for MACH-design entry. 


¢« The design flow, discussed under 4.2, describes 
both schematic-based and text-based design flows 
in detail. 


¢« The schematic verses text entry discussion, 4.3, 
provides considerations to help you decide on an 
entry method and describes design parameters you 
can control. 


¢ The combining schematic and text descriptions 
discussion, 4.4, explains how to combine schematic 
and/or text files. 


¢« The merging multiple PDS files discussion, 4.5, 


describes how to combine multiple text files into 
one MACH-device design. 
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4.1 OVERVIEW How you design a PLD depends on the kind of device. 


4-2 


A. Enter the entire design as a single text file. 


Describing logic using Boolean equations or state- 
machine language is the traditional method. 


B. Enter the MACH-device design in two or more text 
files and combine them into a single file. 


This method allows two or more people to work on 
the same MACH-device design. You can 
incorporate two or more existing PLD designs into a 
single MACH-device design. 


C. Enter the entire MACH-device design as an 
OrCAD/SDT Ill schematic. 


This new method produces a graphic represen- 
tation of the logic, which can include multiple sheets 
in a hierarchical structure. 


D. Begin the MACH-device design as a schematic, 
convert schematic data into a PDS file, then edit the 
PDS file as needed to complete the design. 


This new method can be used when the AMD- 
supplied MACH-library elements do not provide the 
exact functionality you need. 


E. Enter part of the MACH-device design as a 
schematic and part as a separate PDS file, convert 
schematic data to a PDS file, then combine the 
schematic-based PDS file with the text-based PDS 
file to produce a single new design file. 


This method provides maximum flexibility for 
MACH-device designs when part of the design is 
easier to enter as a schematic and the rest is best 
described through equations or state-machine 
language. 
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4.2 DESIGN The diagram below shows the tasks associated with 

FLOW both schematic and text entry methods. The design 
process itself is iterative. For example, after compi- 
lation or simulation, you may want to return to the 
schematic or PDS file and change the design. 


PALASM/MACH SOFTWARE FLOW 


Optional 
Mixed-Entry Designs 


Convert Schematic 
to Text 


Combine 
Text Files 


Compilation 


Optional 


PLDSIM 
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4.2.1 TEXT ENTRY 


4.2.2 SCHEMATIC 
ENTRY 


When you create a new design and specify text as the 
input format, an empty PDS file is created under the 
specified design name. A declaration-segment form 
appears on the screen to expedite entry of header 
statements, chip name and device type, and pin/node 
statements. ! 


When you leave the declaration-segment form, the text 
editor becomes available. The PDS file is displayed, 
which includes the declaration segment you just 
entered. You can add equations or state-machine con- 
structs to complete the design. 


When you leave the text editor, you're returned to the 
PALASM environment. You can compile, simulate, and 
download the design to a device programmer as usual. 
You can also combine this PDS file with others, 
including those produced from schematic-based 
designs. 

When you begin a new MACH-device design and 
specify a schematic input format, two files are created. 


¢ Ablank schematic worksheet is created and named 
as you specified. 


¢ Acontrol file is created using the specified design 
name with a .CTL extension. 


The control file provides data for the declaration 
segment of the PDS file that's produced during 
compilation. The PDS file will include Boolean 
equations derived from converted schematic data. 


The control-file form appears on the screen to stream- 
line entry of the header-statement, chip name, and 
device-type.2 When you leave the form, the 


1 Refer to Section IV, Chapter 9, for details about commands, input-file formats, and the text-based 


declaration-segment form. 
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OrCAD/SDT Ill editor becomes available with the AMD- 
supplied MACH library. A named, blank worksheet 
appears so you Can create a schematic and update the 
design file. When you leave OrCAD/SDT, you're 
returned to the PALASM software environment. 


When you compile a schematic-based design, the 
following occurs. 


¢ Data on each worksheet is converted into a single 
netlist. 


¢ Individual netlists for the entire design are 
combined into one netlist. 


¢« Data from the combined netlist is translated into 
Boolean equations and combined with control-file 
statements to produce the PDS file. 


The resulting PDS file is then compiled. You can 
simulate,? modify and recompile, and download this file 
to a device programmer. In addition, you can combine 
this PDS file with others to create a single design for a 
MACH device. For example, you can combine up and 
down counter files together to produce a DMA address 
generator. 


Important: Be sure to use only alphanumeric charac- 
ters for signal names in a schematic. You cannot use a 
Slash to indicate active-low polarity in a signal name in 

a schematic. 


Also: You can connect a NODE macro only to a wire, 
not to a bus, in a schematic. 


3 To simulate a schematic-based design, you must create a separate simulation file or add a 
simulation section to the translated PDS file. 
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4.2.3 COMBINED There may be times when you want to use more than 
ENTRY METHODS one entry method to produce a single design. Mixed 


4 


entry methods are supported. 


¢ You can enter part of a MACH-device design as a 
schematic and specify certain parameters using 
text.4 


¢ You can either combine multiple text files for a new 
MACH-device design when several people work on 
different parts or merge an existing PLD design 
with new or existing PDS files to create a single 
MACH-device design.° 


Refer to discussion 4.6, in this chapter, for details about combining schematic and text 
descriptions. 


Refer to discussion 4.7, in this chapter, for details about merging multiple PDS files. 
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4.3 BOOLEAN 
DESIGN 
STRATEGIES 


4.3.1 OUTPUT 
POLARITY 


4.3.1.1 The Two 
Components of 
Polarity 
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Discussions below provide strategies for Boolean- 
equation designs. 


¢ 4.3.1, Output Polarity 

¢ 4.3.2, Controlling Output Buffers Using .TRST 

¢ 4.3.3, Controlling Clocks With .CLKF 

¢ 4.3.4, Controlling SET/RESET Using .SETF/.RSTF 
¢ 4.3.5, Using High-Level Constructs 

¢ 4.3.6, Controlling Logic Reduction 


An output pin that goes high when the corresponding 
equation is true is called active high. An output pin that 
goes low when the corresponding equation is true is. 
called active low. 


The PAL16L8 and PAL16R8 devices have outputs that 
are always inverted. Thus, these devices are 
commonly referred to as active-low devices. The 
PAL10H20EG8 device has outputs that are never 
inverted, and is commonly referred to as an active-high 
device. 


Devices such as the PAL22V10 and PAL32VX10 have 
Outputs that can be configured as either active-high or 
active-low output. This valuable feature is known as 
programmable polarity. 


In a PALASM design file, the active high/low nature of 
each pin is a function of its polarity definition. Polarity is 
defined in both the pin statement and the output 
equation. 


The polarity rule for PALASM design files is defined 
below. 


¢ If the equation and pin statement have the same 
polarity, the output is active high. 


¢ If the equation and pin statement have opposite 
polarity, the output is active low. 
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4.3.1.2 Controlling 
Polarity from the 
Equation 
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Active-low polarity in a PALASM design file is indicated 
with a slash, /. 


If you prefer to control output polarity from an equation, 
always use active-high (non-complemented) pin names 
in the pin statements. 


PIN 14 O1 COMBINATORIAL output 
PIN 15 O02 REGISTERED output 


With active-high pin statements, the polarity of the 
output is the same as the polarity of the equation. You 
create an active-low equation by placing a slash before 
the pin name on the right-hand side of the equation. 


O1=11 * 12 ;active-high output 
JO2-=11.* 72 s;active-low output 


The recommended way to control polanty is to control it 
from an equation. This method of controlling polarity 
offers the following advantages and disadvantages. 


¢« Advantage: You can determine the logic and 
polarity of any equation from the equation itself. 


¢ Advantage: In state equations, you can specify 
the desired output at the pin without worrying about 
the pin's polarity. The PALASM software 
automatically adjusts the equations to deliver the 
specified signal to the output pin. 


¢ Disadvantage: In simulation, you must use the 
TRACE_ON command to correct for active-low 


polarity.© 


Refer to Section IV, Chapter 10, for details on using the TRACE_ON command. 
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4.3.1.3 Controlling 
Polarity from the Pin 
or Node Statement 
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If you prefer to control output polarity from the pin or 
node statement, always use the non-complemented pin 
name on the left side of output equations. 


O1=[1 * 12 
02 =11 *12 


If you choose this method, the polarity of the output is 
the same as the polarity of the pin or node statement. 


PIN 14 O1 COMBINATORIAL sactive-high output 
PIN 15 /O2 REGISTERED ;active-low output 


This method of controlling polarity offers the following 
advantages and disadvantages. 


¢ Advantage: The default simulation output shows 
the correct output polanty for each pin. The 
PALASM software inverts the name of each active- 
low pin automatically. 


¢ Disadvantage: You must look at both the pin 
statement and the equation to determine the logic 
and polarity of an equation. 


¢ Disadvantage: State-machine design is consid- 
erably more complicated with pins and nodes 
defined as active low. 


Warning: If you choose to control polarity from the pin 
or node statements, you must know how the software 
handles polarity in the equations, state, and simulation 
segments. 
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4.3.1.4 Creating 
Equivalent Logic 
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In general, it is most efficient to implement active-high 
logic on active-high devices and active-low logic on 
active-low devices. 


A device that has programmable polarity works equally 
well with active-high and active-low logic. The software 
automatically configures the device to the optimal 
polarity for each equation when the minimize routine is 
run. The optimal polarity is the one that results in the 
lowest number of product terms for each equation. 


Sometimes, however, you must implement one or more 
equations in a device having non-optimal polarity. For 
example, you might wish to implement the following 
simple design. 


/O1 =11* 12* 3B 
/02 =I1 * A2 * 13 
03 = I3 * 4 


This design can fit easily on a PAL16L8, which is an 
active-low device. However, the active-high equation 
must be converted to an an equivalent active-low 
equation, using DeMorgan's theorem. 


The final active-low equation is logically equivalent to 
the original active-high equation, except as follows. 


« Inthe active-low form, the design can be 
implemented on an active-low device such as the 
PAL16L8. 


¢ Inthis example, the active-low form requires more 
product terms than the active-high form of the same 
equation. 


To determine how many product terms are required 
when you invert an equation, you must convert the 
equation using DeMorgan’s theorem. However, in 
many cases, the number of product terms is not 
important as long as the design fits on the specified 
device. In this case, simply write the equation using 
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4.3.2 CONTROLLING 
OUTPUT BUFFERS 
USING .TRST 


4.3.2.1 Bank Output 
Enable 
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whichever polarity is easiest and the equation is 
converted for you automatically. 


Important: To have the software convert equations to 
the optimal polarity, you must set the compilation mode 
to automatic or select the Minimize Boolean option from 


the compile options form.’ In addition, you must set the 
polarity minimization option in the Logic Synthesis form 
to Best for Device. 


The minimization routine automatically converts the 
equations to match the polarity of the device. If you 
forget to run minimization and the equation’s polarity 
does not match that of the device, an error is reported 
in the execution log. 


If the device has programmable polarity, minimization 
chooses the polarity for each equation that results in 
the minimum number of product terms. 


There are three basic configurations for three-state 
output buffers. 


¢ Bank output enable 
¢ — Individual output enable 
¢ Grouped output enable 


For devices with bank output enable, you use a special 
output-enable pin to control a group of outputs called a 
bank. The PAL16R8 is an example of this type of 
device. 


Refer to Section IV, Chapter 9, for information on compilation options. 


Bank Output Enable 


For these types of devices, the outputs in the bank are 
always enabled unless you assert the output-enable pin 
high. 


4.3.2.2 Individual For devices with individual output enable, you can 


Output Enable 


control each output independently using an output- 
enable product term. The PAL16L8 is an example of 
this type of device. 
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.TRST Product Term 


.TRST Product Term 


Individual Output Enable 


These types of devices are automatically programmed 
for the product terms to be unconditionally true unless 
you explicitly write an equation to control the three-state 
buffers. 


To explicitly control the three-state buffer, you use a 
.TRST functional equation with the following syntax. 


Pin name.TRST = Product term 


You have three options when defining a .TRST 
equation. 


¢ Enable the output buffer at all times. 
¢ Disable the output buffer at all times. 
« Enable the output buffer under certain conditions. 


To enable the output buffer at all times, set the .TRST 
equation equal to Vcc. To disable the output buffer at 
all times, set the .TRST equation equal to GND. The 
following example unconditionally enables pin A and 
disables pin B. 
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A.TRST = VCC ;enables output A unconditionally 
B.TRST = GND disables output B unconditionally 


To enable the output buffer under certain conditions, 
set the .TRST equation equal to a Boolean expression. 
The following example enables pin B when the signal 
GO is high and STOP is low. GO and STOP must be 
defined as pins or nodes in the declaration segment of 
the PDS file. 


A.TRST = GO * /STOP 


4.3.2.3 Grouped For devices with grouped output enable, one or more 

Output Enable product terms are available to control a group of 
outputs. The MACH 110 is an example of this type of 
device. 
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4.3.3 CONTROLLING 
CLOCKS WITH .CLKF 


AREG.CLKF = CLK 


; INPUT 
; INPUT 


In the MACH 110, two product terms are provided to 
control each group of eight I/O cells. Within each 
group, each I/O cell can be permanently enabled, 
permanently disabled, or controlled by either of the two 
product terms. 


You use the statements described under individual 
output enable to control the outputs. If you use more 
than the available number of product terms, the 
software will report an error during compilation. 


You use a .CLKF functional equation to control the 
Clock signal to flip-flops in a PAL device. 


Some devices have a single dedicated clock input to all 
flip-flops. Others allow you to specify multiple clock 
signals or a different clock signal for each flip-flop.® 


To control the clock of a flip-flop, you define the clock 
signal with a pin statement in the declaration segment 
of the PDS file. Then you use this signal ina .CLKF 
functional equation. 


The following example shows how to define and use a 
clock signal for a PAL16R8. 


;OUTPUT 


Pin 1 is the clock pin on this device. The example 
above assigns the name CLK to this pin using a pin 


8 Refer to Section IV, Chapter 11, for information on the clocking capabilities of a specific device. 
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statement. You place the statement in the declaration 
segment of the PDS file. You can assign any valid 
name to the clock pin although it helps to use an easily 
understood name to represent the clock signal. 


Then you use the clock signal in a .CLKF functional 
equation in the equations segment of the PDS file to 
control the clock of the register associated with output 
pin AREG. 


4.3.4 CONTROLLING You use .SETF and .RSTF functional equations to 
SET/RESET USING control the set and reset functions of flip-flops in a PAL 
-SETF AND .RSTF device. 


The general forms for .SETF and .RSTF functional 
equations are shown below. 


Pin name.SETF = <Pin or product term> 
Pin name.RSTF = <Pin or product term?> 


The following example defines the signals SET and 
RST and uses them in a functional equation to control 
the flip-flop associated with pin AREG. 


AREG.SETF = SET * /RST 
AREG.RSTF = RST * /SET 


4.3.4.1 Banking Set In the MACH device, all outputs within a bank share 
and Reset in MACH common set and reset signals. As a result, if you group 
Devices signals in a common block, they do not require 


separate set or reset controls. 


9 Refer to Section IV , Chapter 10 for a description of set and reset resources available in each 
device. 
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EQUATIONS 


AC3..0].RSTF 
A[7..0].CLKF 


However, if you do not write a .RSTF functional 
equation for one of the outputs in the block, it is not 
affected by assertion of the reset signal. The same 
holds true for set signals. 


For example, the following statements cause A[0] 
through A[3] to be reset whenever the signal RST is 
high. A[4] through A[7] are not affected when RST is 
asserted. 


4.3.5 USING HIGH- The following discussions provide information about 
LEVEL CONSTRUCTS vector notation, radix notation, IF-THEN-ELSE and 


4.3.5.1 
Notation 
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Case constructs. 


Vector A vector is a set of inputs, outputs, or internal nodes 
that have the same root name. Members of the vector 
are differentiated by subscript. For example, in the 
vector NAME[1..5], the members are shown next. 


NAME{(1] 
NAME[?2] 
NAME{3] 
NAME[4] 
NAME{[5] 


Vectors are declared in pin and node statements and 

referenced in other statements. You must observe the 

following rules for vector notation. 

¢ Declare all pins or nodes in the vector in one pin or 
node statement. 
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¢« Reference individual pins or nodes in a vector using 
subscripted pin or node names. Use the format 
NAME[1] rather than NAME 1. 


e¢ Reference groups of pins or nodes in a vector using 
the range operator. Use the format NAME[1..3]. 


You can include input and output pins in the same 
vector if your application calls for it, but you cannot 
include pins and nodes in the same vector. You define 
ranges of contiguous pins by separating the first and 
last members with two periods. For example, you 
specify the range of input pins 3 through 6 as follows. 


3..6 

To include non-contiguous pin numbers, you must 
separate them using commas as shown next. 

1..4, 8.11 

Inthe pin name field, enter the vector name followed by 


a range that indicates the desired subscripts. Enclose 
the range in square brackets as follows. 


NAME(1..4] 

Enter the pin numbers using range notation as 
indicated in the next example. 

PIN 3..6 NAME[1..4] COMBINATORIAL 

In a MACH design, you can use a single question mark, 


?, to float the location of all the pins in the vector as 
shown in the next example. 


PIN ? NAME(1..4) COMBINATORIAL 


Enter the polarity and storage type attributes for the 
vector as you would for a single pin. 
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4.3.5.2 Radix 
Notation 


4-20 
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A radix is a construct used on the right side of an 
equation, or in a case statement, to represent a number 
in binary, octal, decimal, or hexadecimal format. The 
radix is converted automatically to a binary bit pattern, 
which is then compared with a vector of pin or node 
values on the left side of the equation. 


The decimal radix (base 10) is the default for case 
statements. You can also use binary, octal, or 
hexadecimal radices (base 2, 8, and 16, respectively). 


To use a radix other than the default, you must precede 
the test condition with the appropriate radix operator. 
The table below shows the radix operators for all four 
radices supported by the software. 


Operators | DEFINITIONS 


#b or #B Specifies the binary radix, base 2 
#0 or #O Specifies the octal radix, base 8 
#d or #D Specifies the decimal radix, base 10 

#h or #H Specifies the hexadecimal radix, base 16 


If you omit the radix operator altogether, the default, 
which is decimal form, is assigned. 


Exampies of each are shown below. 


#b1011 or #B1011 srepresents 11)0 (radix 2) 
#013 or #013 srepresents 11) 9 (radix 8) 
11 or #d11 or #D11 srepresents 11} 0 (radix 10) 
#hB or #HB srepresents 11)0 (radix 16) 


When you use radix notation in a statement, it is 
automatically expanded to its binary equivalent and 
compared to the vector specified on the left side of the 
equation. If the binary equivalent does not have 
enough digits, leading zeros are added during 
processing as required. 


The first number in the vector is the most significant 
bit. For example, in the vector ADDRESSJ[3..0], 
ADDRESS{[3] is the most significant bit. 
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When the example below is used in a case construct, 
the radix on the right hand side of the equation is 
compared to the vector on the left. 


ADDRESS{[3..0] = 5 
The radix 5 is expanded to its binary equivalent, 101. 


Since the vector on the right side of the equation 
contains four signals, one leading zero is added to the 
binary equivalent, 0101. 


The four signals in the vector are compared to their 
corresponding bits in the expanded radix as indicated 
below. 


ADDRESS[3] compared to 0 
ADDRESS[2] compared to 1 
ADDRESS[1] compared to 0 
ADDRESS[0] compared to 1 


If all four conditions evaluate true, the equation is true. 


Important: When comparing a vector to a radix, be 
careful to specify the order of the least and most 
significant bits correctly. For example, the first line 
gives different results than the second. 


ADDRESSJ3..0] = 5 
ADDRESS(0..3] = 5. 


4.3.5.3 IF-THEN- The IF-THEN-ELSE construct is a flow-of-control 

ELSE Statement construct that expresses logical operations in natural 
language. You can use this construct as an alternative 
to writing Boolean equations. 


The syntax for the IF-THEN-ELSE statement is as 
shown next. 
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IF Test condition THEN 
BEGIN 


Action(s) ;performed if test condition 


Action(s) sperformed if test condition 


If you do not specify the else condition, it is treated as a 
don't care when the logic is generated. !° 


The following example shows testing the high order bit 
on an 8-bit address line. If it is equal to 1, the signal 
named HIBIT is set high and LO_BANK_ENA 

is set low. If itis equal to 0, HIBIT is set low and 
LO_BANK_ENA is set high. 


PIN Declarations 
ADDRESS[7..0] 
HIBIT REGISTERED 
LO_BANK_ENA REGISTERED 


EQUATIONS 
IF ADDRESS[7] = 1 THEN 
BEGIN 
HIBIT = 1 
LO_BANK_ENA 
END 
ELSE 
BEGIN 
HIBIT = 0 
LO_BANK_ENA 
END 


HIBIT.CLKF = CLK 
LO_BANK_ENA.CLKF = CLK 


4.3.5.4 CASE The CASE statement is a flow-of-control construct, 
Statement which is ideal when you need to test for a number of 
different conditions. 


10 Refer to Section IV, Chapter 10, for additional information on the IF-THEN-ELSE construct. 
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The syntax for the CASE statement is as follows. 


CASE (Condition_signals) 
BEGIN 
Value: BEGIN 


Action 
END 


Value: BEGIN 
Action 
END 


OTHERWISE: BEGIN 
Action 
END 
END 


The following example asserts enable lines for four 
peripheral devices named UNIT1 through UNIT4 by 
checking for their hexadecimal address on an 8-bit 

address line. The declarations are shown first. 


PIN Declarations 
ADD{7..0] ; INPUT 
UNIT1 REGISTERED ;OUTPUT 


UNIT2 REGISTERED ;OUTPUT 
UNIT3 REGISTERED OUTPUT 
UNIT4 REGISTERED ;OUTPUT 
CLK ; CLOCK 


A special test condition, indicated by a value of 0, 1, 2 
or 3 onthe address bus, is checked. If this condition is 
detected, all four enable lines are asserted. The range 
notation is used to test for this condition, which results 
in a more compact notation. 
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EQUATIONS 
CASE (ADD[7..0]) 
BEGIN 
#hOF: 
BEGIN 
UNIT1 
UNIT2 
UNIT3 
UNIT4 


nou tt ou 
ooo 


END 
#h2F : 
BEGIN 
UNIT1 
UNIT2 
UNIT3 
UNIT4 


oor © 


END 
#H5F: 
BEGIN 
UNITI1 
UNIT2 
UNIT3 
UNIT4 


oreo 


END 
HF F: 
BEGIN 
UNIT1 
UNIT2 
UNIT3 
UNIT4 


—- OO © 


END 


BEGIN 
UNITI 
UNIT2 
UNIT3 
UNIT4 


— — pS 


END 
OTHERWISE: 
BEGIN 
UNIT 
UNIT2 
UNIT3 
UNIT4 


Wow teu 
ooo © 


END 
END 


UNIT1.CLKF 
UNIT2.CLKF 
UNIT3.CLKF 
UNIT4.CLKF 


CLK 
CLK 
CLK 
CLK 
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4.3.6 CONTROLLING The two ways to control logic reduction are, globally, 
LOGIC REDUCTION from the compilation options form and locally, using 
statements in the PDS file 


To disable logic reduction for the entire design file, use 
the options below on the Compilation Options form to 
set the run mode to manual and disable minimization. 


Run mode: Manual 


Minimize Boolean: N 


To selectively disable logic reduction, use a pair of 
MINIMIZE_OFF and MINIMIZE_ON commands. 


1 Refer to Section IV, Chapter 10, for additional information on the effects of MINIMIZE_ON and 
MINIMIZE_ OFF. 
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4.4 STATE- 
MACHINE DESIGN 
STRATEGIES 
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Building a PALASM design file for a state machine is 
similar to building a PALASM design file for a Boolean 
design. 


Before entering your state-machine description, it is 
useful to draw a state diagram. This diagram helps you 
determine the transitions from one state to another and 
the conditions that cause these transitions. 


A state diagram for a 3-bit up/down counter is illustrated 
in the diagram on the next page. 


This design is implemented as a Moore machine and 
uses the following inputs and outputs. 


SIGNAL DESCRIPTION 


ENABLE High value enables the counter. 
Low value disables the counter. 


UP_DWN High value indicates up count. 


Low value indicates down count. 


CNT2 
CNT1 
CNTO 


Most significant output bit of counter. 
Next significant output bit of counter. 
Least significant output bit of counter. 


In the next diagram, the entry in the top half of a bubble 
indicates the name of the state. The entry in the bottom 
half of a bubble indicates the value of the outputs for 
that state. An arrow indicates a possible transition from 
one state to another. The values of the inputs next to 
the arrow indicate the input condition that causes that 
transition. 
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{(CNT2,/CNT1,/CNTO 


ENABLE, UP_DWN ENABLE, /UP_DWN 


f__One 
/CNT2,/CNT1,CNTO 


ENABLE, UP_DWN ENABLE, /UP_DWN 
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ENABLE, UP_DWN ENABLE, /UP_DWN 


ENABLE, /UP_ DWN 
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State-Machine Diagram 
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4.4.1 STATE 
SEGMENT OVERVIEW 
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The state-machine design file must include a program 
segment identified with the keyword STATE. This is 
called the state segment. 


Note: The state segment typically replaces the 
equations segment. It is possible to modify state 
equations with Boolean equations by including both 
equation and state segments, in any order. If your 
design contains a state segment and a Boolean 
segment, you must select the Merge Mixed Mode 
Dtion from the Compile Setup 


The state segment consists of the following syntax 
elements. 


segment of the PDS file. 
type as either Moore or Mealy. 

This defines the state of the 
machine at power-up. 

This defines the default transi- 
tions if none of the specified con- 
ditions for a state are satisfied. 
tions from one state to the next. 
for each possible state. 

State Assignments This optional section defines 
hea each state as a unique pattern of 
state bits. 
Condition Equations This section defines the set of 
in inputs that represents each 
condition. 
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4.4.2 DEFINING 
MOORE AND MEALY 
MACHINES 
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State-machine designs are divided into two basic types: 
Moore and Mealy. 


¢ Outputs ina Moore machine are dependent only on 
the present state. 


¢ Outputs ina Mealy machine are dependent on the 
present state and the present inputs. 


You begin the state segment with the keyword STATE 
on a new line. Then you define the state-machine type 
using one of the state-machine-type keywords. 


MOORE_MACHINE 
or 
MEALY_MACHINE 


The default is Mealy. 


A state-machine design must be either all Moore or all 
Mealy, since the PALASM 4 software does not allow 
you to mix types in the same state machine. If even one 
state uses outputs that are input-dependent, you must 
convert the entire design to a Mealy machine. 


Note: You can add Mealy features to a Moore Machine 
by writing a Boolean equation segment that further 
decodes the state machine's inputs and outputs. To 
compile a design that contains state machine and 
Boolean equation segments, you must specify Y to 
Merge mixed mode on the Compilations Options form. 


Another reason to convert a Moore design to Mealy is 
to reduce the total number of states in a design. If you 
are running short of flip-flops in which to store state bits, 
you may be able to reduce the number of states, and 
thus the number of state bit flip-flops required, by 
implementing the design in Mealy form. To reduce the 
number of states, the application must include cases in 
which multiple states can be collapsed down to a single 
state that produces different outputs depending on the 
inputs. 
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Do not convert a Mealy design to the Moore model 
unless Mealy-specific features are deleted. If the Mealy 
design includes multiple transitions to the same state, 
each having different outputs, the equivalent Moore 
design will require additional states. In some cases, a 
Moore design will not fit on a given device, while the 
same design implemented in Mealy form will fit. 


4.4.3 CREATING There are four types of state-machine equations. They 
STATE-MACHINE have the following functions. 
EQUATIONS 


¢ Transition equations (required) 


For each state, the equations specify what the next 
state will be under various conditions. See 
Condition Equations below. 


¢« Output Equations (optional) 


These equations specify the outputs of the state 
machine. No output cases are required when the 
state bits themselves are the outputs. 


¢ Condition Equations (normally required) 


These equations specify a condition name for each 
set of input values used to determine a transition. 
You can use input names directly only if a single 
input controls the transition; otherwise, you must 
use condition names. 


¢- State-Assignment Equations (optional) 
These equations specify the bit code to be 
assigned to each state name used in the design. If 


these equations are omitted, the software will 
assign the bit codes automatically. 
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4.4.3.1 Condition You must replace each set of inputs that controls a 
Equations transition with a logical name, called a condition. 


The condition equations, preceded by the keyword 
CONDITIONS, must appear either before the keyword 
STATE or after all state-segment statements. 
CONDITIONS are written as simple Boolean equations. 


CONDITIONS 
Condition 1 = Boolean Expression 
Condition 2 = Boolean Expression 


Condition n = Boolean Expression 


e If acondition consists of a single input, you can use 
the input name instead of a condition equation. 


¢ If two conditions evaluate true at the same time, the 
software issues an overlapping condition error 
message. 


>> ERROR Overlapping state transition conditions 


To remove the overlapping conditions, you must write 
the equations so that no more than one equation can 
be evaluated as true at any time. 


4.4.3.2 Transition You must write one transition equation for each state. 

Equations Within each state's transition equation, you must also 
write one expression to define each possible transition 
to a next state. 


Use default branches to define the next state if the 
inputs fail to match any of the transition conditions 
defined for the present state. Global defaults specify 
the default procedure for the entire state-machine 
design. Local defaults specify the default procedure for 
one state only. !2 


12 Refer to discussion 4.4.4, in this chapter, for additional information on default branches. 
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4.4.3.3 Output 
Equations 


4.4.3.4 State- 
Machine Example 
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Present state := Condition name -> Next state 
+ Condition name -> Next state 


+->State name _ ;default branch 


To specify outputs for a Moore machine, you need to 
specify only the present state and the desired outputs, 
since the outputs are not affected by input conditions. 
The syntax for a Moore machine output equation 
follows. 


Statename.OUTF = Output expression 


To specify outputs for a Mealy machine you must 
specify the input condition along with the present state. 
The syntax for Mealy machine output equations is as 
follows. 


Statename.OUTF = Condition 1 -> Output 1 
+ Condition 2 -> Output 2 


+ Condition n -> Output n 


The software allows you to specify the desired output 
pin values for each state or transition, without regard to 
the polarity of the device. The output equations are 
adjusted automatically to produce the requested 
behavior. 


If you define the output pins as active low by using 
complemented pin names in the pin statements, the 
output pin will have the opposite value of the equation. 


The following example shows a 3-bit up/down counter 
described in state-machine language. The declaration 
segment is shown next. 
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er ee eee pe ome Oe Ta Pat LON SeQMeNG er mrsnc rr ane ee 
TITLE COUNTER STATE MACHINE 


CHIP _CTR MACH110 


a a a a a a PIN -Declerellons s2=—==-9 Se 


PIN 35 CLOCK ;CLOCK 
PIN ? ENABLE ; ENABLE 
PIN fs UP_DWN ; INPUT 
PIN ? CNTO COMB ; OUTPUT 
PIN Kd CNT1 COMB ; OUT PUT 
PIN z CNT2 COMB ; OUTPUT 


Sats esSe Soe ee State Segment Se See ee ey ee eg yy oe 


STATE 
MOORE_MACHINE 


ZERO >= UP —-> ONE 
+ DOWN -> SEVEN 
+ STOP 


:= UP 
+ DOWN -—> ZERO 
+ STOP 


:= UP 
+ DOWN -> ONE 
+ STOP 


>= UP 
+ DOWN —> TWO 
+ STOP 


>= UP 
+ DOWN -> THREE 
+ STOP 


:= UP 
+ DOWN -> FOUR 
+ STOP 


:= UP 
+ DOWN -—> FIVE 
+ STOP 


Continued on next page 
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Continued from prior page 


>= UP —-> ZERO 
+ DOWN -> SIX 
+ STOP -> SEVEN 


ZERO.OUTF 
ONE .OUTF 
TWO .OUTF 
THREE.OUTF 
FOUR.OUTF 
FIVE.OUTF 
SIX.OUTF 
SEVEN .OUTF 


/CNT2*/CNT1*/CNTO 
CNT2*/CNT1* CNTO 
/CNT2*CNT1* CNTO 

/CNT2* CNT1* CNTO 
CNT2*/CNT1*/CNTO 
CNT2*/CNT1* CNTO 
CNT2* CNT1*/CNTO 
CNT2* CNT1* CNTO 


CONDITIONS 

UP = ENABLE * UP_DWN 
DOWN = ENABLE * /UP_DWN 
STOP = /ENABLE 


4.4.4 DEFAULT You use default branches to define the next state 
BRANCHES should the inputs fail to match any of the transition 
conditions defined for the present state. 


The software supports two types of defaults. 


¢ Global defaults specify the default branch for all 
states except those for which local defaults are 
defined. 


e Local defaults specify the default branch for one 
state only. 


You can include both local and global defaults in your 
design. Local defaults will override global defaults. 
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4.4.4.1 Global Global defaults are defined after the machine-type 

Defaults definition. The global default statement can specify the 
default branch in one of three ways. The statement 
below causes the state machine to remain in the same 
State if the inputs do not match any of the defined 
transition conditions for that state. 


DEFAULT_BRANCH HOLD_STATE 


The following statement causes the state machine to 
branch to the specified state if the inputs do not match 
any of the defined transition conditions for that state. 


DEFAULT_BRANCH State name 


The next statement causes the state machine to branch 
to the next state if the inputs do not match any of the 
defined transition conditions for that state. The next 
State is defined as the state whose transition equation 
follows the transition equation for the present state in 
the PDS file. There is no next-state branch possible 
from the state whose transition equations appear last. 


DEFAULT_BRANCH NEXT_STATE 


4.4.4.2 Local Unlike global defaults, local defaults always specify a 
Defaults branch to a specific state. Local defaults can be used 
alone or in combination with global defaults. 


e In combination with global defaults, local defaults 
provide a mechanism for defining default branches 
that differ from the norm. 


¢ Used alone, local defaults offer a way to specify 
each default branch explicitly. Local defaults allow 
you to see all possible branches from a given state 
at one glance. 


Local defaults appear as the last line in a transition 


equation, using the special symbol +->, which is formed 
by typing the characters +, -, and >. 
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Present state := Condition name -> Next state 
+ Condition name -> Next state 


+ ->State name ;default branch 


4.4.4.3 Example The following example shows the declaration segment 
With Default of the 3-bit counter that will be modified to include a 
Branches global default branch. The declaration segment is 


summarized below. 


Declaration Segment 
TITLE COUNTER STATE MACHINE WITH DEFAULT BRANCH 


CHIP _CTR MACH110 


Declarations 
;CLOCK 
; ENABLE 
; INPUT 
sOUTPUT 
;OUTPUT 

CNT2 COMB ;OUTPUT 


MOORE_MACHINE 


By specifying the hold state as the global default as 
shown next, you can remove the Stop condition from 
each of the transition equations. If the conditions UP or 
DOWN are not satisfied, the current state will be held. 
This results in the same behavior as the previous 
example. 
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DEFAULT_BRANCH HOLD_STATE 


ZERO := UP —-> 
+ DOWN —> 


ONE s= UP => 
+ DOWN -> 


TWO := UP —> 
+ DOWN —> 


:= UP -> 
+ DOWN -> 


:= UP -> 
+ DOWN —> 


SIX 


SEVEN 


ZERO .OUTF 
ONE.OUTF 
TWO. OUT F 
THREE. OUTF 
FOUR. OUTF 
FIVE. OUTF 
SIX. OUTF 
SEVEN. OUTF 


CONDITIONS 
UP = ENABLE * 


-> 
-> 


=? 
=? 


= 
—> 


UP_DWN 


ONE 
SEVEN 


TWO 
ZERO 


THREE 
ONE 


FOUR 
TWO 


FIVE 
THREE 


SIX 
FOUR 


SEVEN 
FIVE 


ZERO 
SIX 


DOWN = ENABLE * /UP—DWN 
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/CNT2*/CNT1*/CNTO 
CNT2*/CNT1* CNTO 
/CNT2* CNT1*/CNTO 
/CNT2* CNT1* CNTO 
CNT2*/CNT1*/CNTO 
CNT2*/CNT1* CNTO 
CNT2* CNT1*/CNTO 
CNT2* CNT1* CNTO 
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4.4.5 ASSIGNING In some applications, you must control the assignment 
STATE BITS of the state-bit code. However, most of the time, the 


state-bit code is not important as long as it allows the 
device to differentiate between states. 


4.4.5.1 Automatic You can allow the software to assign state bit-codes to 
State-Bit Assignment state registers automatically. To do this, simply omit the 


state assignment equations. When the file is compiled, 
the software displays the following type of message to 
the screen and writes it to the log file. 


|> WARNING E1351 Automatically assigning state 
bit _STO to ? NODE. 

|> WARNING E1351 Automatically assigning state 
bit _STl to ? NODE. 

|> WARNING E1351 Automatically assigning state 
bit _ST2 to ? NODE. 


STATE REGISTERS USED 

PIN NUMBER: PIN NAME: 
? NODE_ _ST0 
? NODE _ST1 
? NODE S42 


STATE BIT ASSIGNMENT USED 


STATE NAME: STATE REGISTERS VALUES: 
_ST2 atl _ST0 
ZERO 0 0 0 
ONE 


0 l 
TWO it 0 
THREE 1 1 
FOUR 0 0 
FIVE 0 1 
SIX 1 0 
SEVEN ] i 


The warning message lists the pins to which state bits 
were assigned and the state-bit code for each state. In 
the 3-bit counter example, three-state registers are 
used to allow for 8 possible states. These are defined 
as nodes and named _ST0O,_ ST1and_ST2. 


State ZERO is assigned the bit code 0,0,0 which means 
all the state registers are low. State ONE is assigned 
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4.4.5.2 Manual 
State-Bit Assignment 


4.4.5.3 Choosing 
State-Bit 
Assignments 
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bit code 0,0,1. A bit code for each state is listed with 
the message. 


The first state defined in the transition equations is the 
first to be assigned a state code. If there is no start-up 
statement, the software assigns the first state all zeros 
when the device specifies power-up reset, and all ones 
when the device specifies power-up preset. 


You can control state-bit assignment manually using 
state assignment equations. To do this, you must 
define a pin or node for each of the state bits. You do 
this in the declaration segment of the PDS file just as 
you would define any pin or node. Then you write an 
equation for each state specifying the value of the state 
bits in Boolean format. 


State name = Boolean Equation 


If you don't need to use the state bits as outputs and 
the device you are using contains buried flip-flops, you 
can assign state bits to them. This will save output pins 
that can be used for other purposes. 


The state-bit assignments you choose have a large 
impact on the number of product terms that will be 
required to implement your design. If you choose 
assignments so that the state-register bits change by 
only one bit at a time, as the state machine goes from 
state to state, the number of product terms will often be 
reduced. 


For example, consider a design consisting of four 
states, A, B, C and D, where the transition between 
states is alphabetical. One possible assignment is to 
use a simple binary count as follows. 


A 
B 
C 
D 
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Notice that this assignment causes two bits to change 
as the machine moves from state B to state C. The 
following is a better assignment for product-term 
reduction. 


Notice that this assignment causes only one bit to 
change as the machine moves from B to C. 


If you need to use the state bits as outputs to identify 
when the machine is in a particular state, you can 
minimize the number of required outputs by choosing 
State bits appropriately. 


For example, consider a design that has six states, A 
through F, where you need to identify states C, D and 
E. The following assignment allows you to identify 
these states using only one output pin. 


BIT2 BIT1 BITO 


0 0 0 
0 0 1 
1 0 1 
1 1 1 
1 1 0 
) 1 0 


This assignment lets you use BIT2 as an output to 
identify when the machine is in any of the three states 
of interest. BIT2 can be assigned to an output pin and 
BIT1 and BITO can be assigned to buried nodes, 
freeing output pin resources. 
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4.4.5.4 Example The following example uses state-assignment 
Using Manual State- equations to manually assign the state bits to nodes 
Bit Assignment named BITO, BIT1 and BIT2. 


Ser S=-s- Declaration Segnent eee 
TITLE COUNTER STATE MACHINE WITH STATE BIT ASSIGNMENT 


CHIP _CTR MACH110 


tas Se a ae = PIN DOC aia 61 0n es ee 
PIN 35 CLOCK ;C LOCK 
PIN ? ENABLE ; ENABLE 
PIN fe UP_DWN ; INPUT 
PIN 2 CNTO COMB ; OUTPUT 
PIN ? CNT] COMB ; OUTPUT 
PIN 2 CNT2 COMB ; OUTPUT 
NODE x4 BITO REGISTERED ; OUTPUT 
NODE 2 BITI REGISTERED ; OUTPUT 
NODE t BIT2 REGISTERED ; OUTPUT 


fe oe eee Se OCA LO SOGMONE: Same es ee re 
STATE 
MOORE_MACHINE 


DEFAULT_BRANCH HOLD_STATE 


ZERO >= UP —> ONE 
+ DOWN SEVEN 


ONE >= UP -> TWO 
+ DOWN ZERO 


TWO >= UP —-> THREE 
+ DOWN ONE 


THREE >= UP -> FOUR 
+ DOWN TWO 


:= UP 
+ DOWN 


FIVE 
THREE 


FIVE s= UP —> SIX 
+ DOWN FOUR 


:= UP SEVEN 
+ DOWN -—> FIVE 
Continued on next 
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SEVEN 


ZERO 
ONE 
TWO 
THREE 
FOUR 
FIVE 
SIX 
SEVEN 


ZERO.OUTF 
ONE.OUTF 
TWO.OUTF 
THREE .OUTF 
FOUR.OUTF 
FIVE .OUTF 
SIX .OUTF 
SEVEN.OUTF 


CONDITIONS 


:= UP 


Continued from prior page 


-> ZERO 


+ DOWN -—> SIX 


/BIT2 
/BIT2 


* /BIT1 */BITO 
* /BIT1 * BITO 
* BIT1 */BITO 
* BIT1 * BITO 
* /BIT1 */BITO 
* /BIT1 * BITO 
* BIT1 */BITO 
* BIT1 * BITO 


/CNT2*/CNT1*/CNTO 
/CNT2*/CNT1* CNTO 
/CNT2* CNT1*/CNTO 
/CNT2* CNT1* CNTO 
CNT2*/CNT1*/CNTO 
CNT2*/CNT1* CNTO 
CNT2* CNT1*/CNTO 
CNT2* CNT1* CNTO 


UP = ENABLE * UP_DWN 
DOWN = ENABLE * /UP—DWN 


4.4.6 USING STATE Combining the state and output functions allows you to 
BITS AS OUTPUTS use less resources than if you use separate state bits 


4-42 


and output bits. This can sometimes allow you to 
implement a design in a device that could not otherwise 
accommodate it. 


Due to practical considerations, you can occasionally 
create a State-machine design where all of the outputs 
are also used as State bits. To do this, your design must 
meet three conditions. 


¢ All state bits must be stored in flip-flops that are 
associated with output or I/O pins. 


¢ The desired output in each state must be different 
from the desired output in every other state. 


¢ The outputs in the design that combine state bits 
and outputs cannot be combinatorial, since the 
state bits must be registered. 
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To use state bits as outputs, you write state-assignment 
equations.!5 Make sure the state bits are assigned to 
registered pins in the declaration segment of the PDS 
file. Then you simply omit the output equations from 


the design. 

4.4.7 INITIALIZING You use initialization routines to ensure the state 

A STATE MACHINE machine powers up in a known state or branches to a 
known state whenever the initialization condition 
occurs. 


The START_UP command 14 allows you to specify the 
Starting state for devices that always power up with all 
bits high or all bits low, or that can be programmed to 
power up in any configuration. 


The following is the syntax for Moore machines. 


START_UP := POWER_UP -> State name 
+ Condition] -> State Name 


The following is the syntax for Mealy machines. 


START_UP.OUTF := POWER_UP -> Outputs 
+ Condition! -> Outputs 


The power-up parameter has the following effects. 


¢ In devices that initialize with all flip-flops high or all 
flip-flops low, the START_UP command assigns the 
appropriate all-high or all-low state-bit code to the 
specified state. 


¢ Indevices with programmable power up, the 
START_UP command programs the device to 
power up in the specified state. If you specify a 


13 Refer to discussion 4.4.6, in this chapter, for additional information about using state bits as 
outputs. 


14 Refer to Section IV, Chapter 10, for more information on the START_UP command. 
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particular state-bit code using the manual state-bit 
assignment syntax, the software programs the flip- 
flops to initialize with the specified values. 


If you do not include a start-up statement, the device 
will power up in the state that appears in the first 
transition equation in the PDS file. 


This condition lets you specify an asynchronous branch 
to a specific state whenever the specified condition 
occurs. For example, you can specify a transition to 
state zero in the event of the condition INIT. To do this, 
you must define INIT as a condition in the design file. 


4.4.8 CLOCKING A The clock input to the state registers is normally 

STATE MACHINE connected to the default clock. For devices with 
multiple clock sources or clocks formed by product 
terms, there are two ways to use a clock other than the 
default. 


¢« The clock source equation is placed in the state 
segment of a PDS file and is used to specify a clock 
signal for all flip-flops in the state machine. 


The following is syntax for clock source equations. 
CLKF = Clock Signal 

e The .CLKF function equation is placed in the 
equation segment of the PDS file. To use this 
method, you must declare the state registers, 


manually assign the state bits, and write a .CLKF 
equation for each register in the state machine. 
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4.4.8.1 Example The following example modifies the 3-bit counter design 
Using State Bits as to add a power-up routine, use the state bits as outputs, 
Outputs, Power-Up and specify a clock signal other than the default. 
and Clock Equations 
Notice that the state bits have been defined as pins 
instead of nodes and the output equations have been 
removed. 


too S ea Sa oe Declaration: Segment: ass 
TITLE COUNTER STATE MACHINE USING STATE BITS AS OUTPUTS, INITIALIZATION AND NON- 
DEFAULT CLOCKING 


CHIP _CTR MACH110 


po een PN DEC ORO Ll ONS “cos se esea SaaS ae ea eS See 


PIN 13 CLOCK ;CLOCK 
PIN ? ENABLE ; ENABLE 
PIN ? UP_DWN > INPUT 
PIN 2 BITO REGISTERED ; OUTPUT 
PIN 2 BIT1 REGISTERED ; OUTPUT 
PIN ? BIT2 REGISTERED ; OUTPUT 


er oo LAS: SCQMeNt. Sane ree eee ee 


STATE 
MOORE_MACHINE 
START_UP := POWER_UP -> ZERO 


CLKF = CLOCK 


DEFAULT_BRANCH HOLD_STATE 


ZERO >= UP —-> ONE 
+ DOWN -> SEVEN 


ONE := UP -> TWO 
+ DOWN -—> ZERO 


TWO >= UP —-> THREE 
+ DOWN -—> ONE 


THREE := UP -—-—> FOUR 
+ DOWN -—> TWO 


:= UP 
+ DOWN 


—> FIVE 


THREE 


Continued on next 
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:= UP 


+ DOWN 


SIX 


:= UP 


+ DOWN 


SEVEN 


:= UP 


+ DOWN 


ZERO 
ONE 
TWO 
THREE 
FOUR 
FIVE 
SIX 
SEVEN 


CONDITIONS 


/BIT2 
/BIT2 
/BIT2 
/BIT2 
BIT2 
BIT2 
BIT2 
BIT2 


UP = ENABLE * UP_DWN 
DOWN = ENABLE * /UP—DWN 
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Continued from prior page 
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4.5 SCHEMATIC 
VERSUS TEXT 
ENTRY 
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There are several factors that can impact your decision 
to use one entry method over another. 


¢ Your own experience and preference 

¢ Control over design parameters 

¢« Design-documentation requirements 

e Device type 

« Content of the AMD-supplied MACH library 


For example, text entry is an excellent method when 
you produce a design for any PLD. In this case, you 
can choose between Boolean equation or state- 
machine descriptions or produce a design using both. 


However, schematic entry may be best when you are 
producing a MACH-device design and 


¢ you either prefer graphic entry or require a 
schematic for design documentation, and 


e the MACH library provides the logic you need. 


The amount of control you need over design param- 
eters, such as pin and node locations and logic-bank 
assignment is very important. In general, it's easier to 
specify parameters for large portions of a design as text 
because a single description line can be used. To 
specify these parameters in a schematic, you must edit 
the part-fields of each symbol separately. 


Discussions below provide additional considerations. 


e 4.3.1, Library Analysis 

° 4.3.2, Schematic Parameters 

¢ 4.3.3, Design Documentation Issues 

¢ 4.3.4, Converting Existing Schematics to MACH- 
device designs 
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4.5.1 LIBRARY 
ANALYSIS 


An important consideration when choosing an entry 
method is the availability of elements in the AMD- 
supplied library for MACH-device designs and the 
nature of the design's logic. 


¢ Schematic entry may be easier than text-based 
descriptions when library elements provide the 
exact functionality you need, or when logic 
modification simply means removing one or more 
signals. 


For example, by wiring unused outputs to the NC 
macro and unused inputs to a PUP or PDWN 
macro, you can direct the removal of unused logic 
during the compilation process. In this case, any 
signal without a load is deleted along with any gate 
that is disabled by tying its inputs high or low. You 
use the appropriate macro for an efficient imple- 
mentation even if all macro functions are not used. 


¢ Text entry may be easier than schematic entry 
when library elements do not exist for the function 
you need and design logic is well structured, as ina 
counter. 


If you must add contro! signals to a macro, text 
entry may be better choice. 


Suppose your task is to enter the logic for a 4-bit 
decade counter. The MACH library includes a 74162 
macro, a 4-bit decade counter with preset and clear 
capabilities, and a ripple carry output.1> In this case, 
schematic entry is easy: you just retrieve the library 
symbol, place it on the worksheet, and wire it to the rest 
of the circuit. 


Text entry may be easier when you want the logic to 
behave like the decade counter, but you want it to skip 
the fourth state: that is, count 0,1,2,4,5,6,7,8,9. In 


15 Refer to Section lil, Chapter 8, for the 74162 macro datasheet. 
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4.5.2 SCHEMATIC 
PARAMETERS 


16 
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this case, you cannot easily use the 74162 macro. If 
you choose schematic entry, you must design the gate- 
level logic and enter it using gate and flip-flop elements. 
It is easier to enter this type of structured logic using 
appropriate state-machine language syntax. 


If you want to enter logic for a skip counter, but the 
state you want to skip is subject to change, text entry 
is also the better choice. A small change to the text 
that describes the counter will suffice. If you use 
schematic entry, you must redesign the logic and make 
extensive changes to the schematic. 


Certain schematic macros provide control over the 
following parameters; you just edit the corresponding 
part field on the macro. 16 


e Pin or node location, part-field 1 
e Logic block assignment, part-field 2 
¢ Minimization control, part-field 3 


Other macros are provided to help you specify 
asynchronous Set-/reset-control signals and the 
removal of unused logic. Discussions that follow 
identify strategies for the activities listed below. 


e 4.5.2.1, Fixing Pin Locations 

¢ 4.5.2.2, Fixing Node Locations 

e 4.5.2.3, Assigning Logic to a Block 
¢ 4.5.2.4, Controlling Minimization 

¢ 4.5.2.5, Controlling Set/Reset 

e 4.5.2.6, Deleting Unused Logic 


Refer to Section Ill, Chapter 7 for details about macros that support part field assignments. 


4.5.2.1 Fixing Pin 
Locations 


When you do not specify a fixed pin location, it is left 
floating and the software determines its location on the 
device. In a schematic, you can specify device pin 
locations as follows. 


1. Place an unresolved module port!” on the sheet. 
2. Attach a NODE macro to the module port net. 
3. Edit part field 1 of the NODE macro.'8 


After schematic data is converted to equations, spec- 
ified locations appear in the location-number field of the 
pin statement, in the declaration segment of the PDS 
file. 


Recommendation: Judicious assignment steers the 
fitting process; random assignment obstructs the fitting 
process. For best fitting results, allow pins and nodes 

to float.19 


For example, pin locations 3 and 4 are specified on 
NODE macros in the schematic shown next. 


An unresolved module port is one with no complementary connection. 


18 Refer to Section Ill, Chapter 7, for details about forming pins and fixing locations. 
19 Refer to Chapter 5, in this section, for details about fitting strategies and fixing pin locations. 
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The pin statements shown below appear in the PDS file 
after schematic data is converted. 


REGISTERED 


REGISTERED 


4.5.2.2 Fixing Node When you do not specify a fixed node location, it is left 

Locations floating and the software determines its location on the 
device. In a schematic, you can specify device node 
locations as follows. 


e Attach a NODE macro to a net. 
¢ Edit part field 1 of the NODE macro. 


After converting schematic data to equations, specified 


locations appear in the location-number field of the pin 
statement in the declaration segment of the PDS file. 
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Recommendation: Judicious assignment steers the 
fitting process; random assignment obstructs the fitting 
process. For best fitting results, allow pins and nodes 

to float.20 


For example, node location 13 is specified on the 
NODE macro in the schematic below. 


The pin and node statements below appear in the PDS 
file after schematic data is converted. 


REGISTERED 
REGISTERED 


COMBINATORIAL 


20 Refer to Chapter 5, in this section, for details about fitting strategies and fixing pin locations. 
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4.5.2.3 Assigning 
Logic to a Block 


To assign logic in a schematic to a specific block ina 
MACH device, you can edit part field 2 of the following 
macro symbols. 


e NODE macro 
¢ Flip-flops 


Grouping logic with common inputs and feedback 
assists during the fitting process.2' 


When schematic data that includes a specification in 
part field 2 is converted, a group statement is produced 
in the resulting PDS file. The statement includes the 
reserved word MACH_SEG_block@2 as the group 
name. 


For example, the following schematic shows two flip- 
flops assigned to two different blocks in the MACH 
device, .A and .B, through specifications in the second 
part field. 


21 Refer to Chapter 5, in this section, for details about fitting strategies and logic-block assignment. 
Refer to Section Ill, Chapter 7, for details about specifying block locations in a schematic. 


22 Refer to Section IV, Chapter 10, for details about MACH_SEG_ block. 
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The following group statements appear in the PDS file 
after schematic data is converted. 


GROUP MACH_SEG_A Q1 CLOCK 
GROUP MACH_SEG_B QO CLOCK 


4.5.2.4 Controlling Design logic is automatically minimized during the 


Minimization compilation process. However, you can suppress the 
minimization process in one of two ways. 
¢ Cancel minimization for the entire design: specify a 
manual run mode and no minimization on the 
Compile options form.23 
¢ Cancel minimization discriminately at the node level 
in a schematic by specifying No_Min in part field 3 
of either a NODE or storage-device macro.24 
23 


Refer to Section IV, Chapter 9, for details about the Setup command on the File menu and the 
Compilation options command on the submenu. 


24 Refer to Section III , Chapter 7, for details. 
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The information in part field 3 is translated into 
equations in the resulting PDS file. No specifica- 
tion in part field 3 means minimization is on. 


For example, the following schematic shows No_Min 
specified in part field 3 of a NODE macro and a flip-flop. 


The statements shown next appear in the equations 
segment of the PDS file after the schematic data shown 
above is converted. 
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4.5.2.5 Controlling 


Set/Reset 


MINIMIZE_OFF 
/INVNODE = QO 

MINIMIZE_ON 
Qi = Q0 :+: Ql 
Ql.cikf = CLOCK 


Ql.setf = GND 
Ql.rstf = GND 
MINIMIZE_OFF 
QO = INVNODE 
Q0.clkf = CLOCK 


Q0.setf = GND 
QO0.rstf = GND 
MINIMIZE_ON 


MACH devices feature independent set/reset-control 
signals for each block in the device. Storage devices 
within each block share common set/reset lines. As a 
result, each time you specify a new Set/reset signal in a 
schematic, the logic connected to that signal is placed 
in a new block. 


The MACH library provides an AINIT macro that allows 
you to easily specify the first pair of set/reset signals. 
All three-terminal storage macros are controlled 
implicitly by the AINIT macro; they do not contain 
explicit set and reset pins.2° You use a single AINIT 
macro to specify common set/reset-control signals for 
all three-terminal storage macros in the design. 


To specify additional set/reset signals, you must use 
five-terminal storage-device macros that contain 
explicit set and reset pins. To specify a common set or 
reset line for these macros, you must connect the set or 
reset pins to a common source using a wire. 


25 Refer to Section III , Chapter 7, for details about using the AINIT macro. 
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Tip: It's much easier to place and wire the AINIT macro 
than to explicitly draw and connect set/reset lines for 
each storage device. For this reason, you should use 


the three-terminal storage macros, along with the AINIT 
macro, for the largest group of storage devices that 
share set/reset signals. 


An example schematic is shown on the next page. The 
group of two FD macros are set by the product of 
control the signals CNTL1 and CNTL2 using the AINIT 
macro. The group of two DFF macros is set by the 
control signal CNTL2. When the design is compiled, 
the two groups are placed in separate blocks in the 
MACH device because they have different set signals. 


Caution: Be sure not to specify more set or reset 
signals than the device supports.2© 


26 Refer to Chapter 5, in this section, for details about set/reset signals. 
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The following statements appear in the equations 
segment of the PDS file after the schematic data is 
converted. 
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Q1 = Q0 :+: Ql 

Ql.clkf = CLOCK 
Qi.setf = CNTL1 * CNTL2 
Ql.rstf = GND 


Q0 = QO 

Q0l.clkf = CLOCK 

Q0.setf CNTL1 * CNTL2 
QO.rstf = GND 


Q3 s+: Q3 
Q3. 
Q3. 
Q3. 


4.5.2.6 Deleting You can identify unused portions of a macro for 

Unused Logic removal. For example, you may decide not to use the 
preload and ripple carry-out signals of the 74162 
macro. In this case, you must identify the pins and 
logic associated with these functions so they can be 
deleted automatically during compilation. 


To delete unused logic, follow the rules below. 
¢« Connect unused output pins to an NC macro. 


¢« Connect unused input pins to either a pull-up, 
PUP, or pull-down, POWN, macro. 


The next schematic shows a 74162 macro, DECODE4, 
and MUX2 with unused logic flagged for deletion. 
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4.5.3 DESIGN 
DOCUMENTATION 


The software produces a device pinout drawing in the 
MACH report for each compiled design. You can use 
this drawing as part of the design's documentation. 
The information in the file is in ASCII format, which you 
can print in two ways. 


¢ Use the Other files command on the Edit menu, 
enter the name of the file, design.rpt, and use the 
print command in the text editor. 


or 


e Print the design.rpt file from the operating system 
using the standard DOS print command. 


Also, as stated earlier, a schematic graphically presents 
information about the logical content of MACH-device 
designs. There are two methods to print a schematic. 
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e« Use the Hardcopy command in OrCAD/SDT Ill. 
Make sure your printer is specified correctly in the 
OrCAD setup file before printing.27 


or 


¢ Convert the schematic to a standard interchange 
format using OrCAD's Plotall command, which 
produces one file for each sheet in a hierarchical 
design.28 


OrCAD supplies drivers to convert a schematic to 
Postscript, DXF, and many other formats. You can 
send the resulting files to a plotter or transfer them 
to other documentation systems. In this case, you 
complete the steps below. 


1. Ensure your plotter driver is correctly specified 
in the OrCAD DRAFT/C program. 


2. Enter the operating system and set the current 
working directory to the one that contains the 
schematic files you'll convert. 


The top-level schematic name corresponds to 
the file name assigned when the schematic 
was created. 


3. Type the command below from the operating 
system to start the conversion. 
PLOTALL name.SCH outfile /S .x 
Name.SCH is the name of the top-level 


schematic; outfile specifies the name of the 
converted file. If you do not specify an output 


27 Refer to Section IV, Chapter 9, for details about entering OrCAD/SDT Ill using the Schematic file 
command on the Edit menu, and using the Execute command from the Run menu, to change 
OrCAD configuration data. 


28 —_ Refer to the OrCAD manual for details about printing and plotting. 
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file name, the information is sent directly to the 
plotter. 


The /S .x parameter is optional and specifies a 
scale factor for the plot. For example, /S .7 
scales the plot by 70%. 


4.5.4 CONVERSION, When you have an existing schematic-based design 


EXISTING 


created in OrCAD/SDT, using a generic TTL or logic 


SCHEMATICS TO library, you may be able to convert it to a MACH-device 


MACH-DEVICE 
DESIGNS 


schematic without re-entering the design. However, 
each symbol in the existing design must correspond to 
a symbol with the same name in the AMD-supplied 
MACH library. 


To convert an existing OrCAD schematic to a MACH- 
device design, you use the procedure below. 


1. Enter OrCAD DRAFT with the existing design, as 
usual. 


2. Delete any symbols that don't have exact 
equivalents in the MACH library and save the 
design. 


Deleted symbols can be replaced with logic from 
the MACH library after the design is converted. 


3. Runthe PALASM 4 software. 


4. Change the directory, if necessary, and retrieve the 
existing schematic design. 


Important: Be sure to specify a schematic design 
and use the name of the root-level schematic. 
A schematic control file form appears automatically. 
After you complete the form and enter OrCAD/SDT 


from the PALASM environment, the existing schematic 
is read. Each symbol in the design is automatically 
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replaced with the corresponding symbol from the 
MACH library. 


5. Edit the schematic to add logic from the AMD- 
supplied MACH library. 


Important: Symbols with identical names do not 
always have the exact same functionality. 


The converted design should be carefully simulated to 
ensure the desired functionality was preserved. 
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4.6. COMBINING If you choose this method, you begin the MACH-device 
SCHEMATIC AND design by entering logic in a schematic, then complete 


TEXT the design by specifying parameters, such as block 
assignment, using text entry. The procedure is 
DESCRIPTIONS identified below.29 


1. Begin a new schematic-based design from within 
the PALASM environment, as usual. 


To use the AMD-supplied MACH library for 
OrCAD/SDT III, you must begin the schematic from 
within the PALASM environment. 


2. Generate a PDS file from the schematic data using 
one of the two methods below. 


¢ Compile the schematic to produce the PDS file. 

or 

¢ Select Other operations from the Run menu, 
then select the Convert schematic to text 


command from the submenu. 


3. Retrieve the text-based version of the design. 


Important: If you do not change the input format to 
text, the PDS file is overwritten the next time you 
compile. 


4. Edit the PDS version to specify additional 
parameters. 


Changes you make to the PDS file do not appear in the 
schematic. This means the schematic may not 
accurately document the completed design. If you edit 
and recompile the schematic, any changes you made to 
the PDS file are overwritten with recompiled schematic 
data. 


29 Refer to Section IV, Chapter 9, for details about specific commands and forms. 
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Important: Once you begin editing the PDS file, do not 
change the schematic and recompile. Do not switch 
from text entry back to schematic ent 


5. Compile the text-based PDS file as usual, then 
download the design to a device programmer. 


Important: Specify text as the input format when you 
retrieve the PDS file. 
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4.7 MERGING You can combine multiple PDS files into a single 
MULTIPLE PDS MACH-device design. You can use any valid PDS file. 
FILES Topics here address requirements and guidelines. 


¢ 4.7.1, Input Files 
¢ 4.7.2, Design Evaluation 
¢ 4.7.3, Guidelines 


4.7.1 INPUT FILES You can merge information from any of the following 
PDS files to produce a single MACH-device design. 


e Existing PDS files for any PAL device 

¢ New PDS files for any PLD design 

¢ Converted schematic descriptions for a MACH- 
device design 


Important: Designs described in other languages must 
be converted to PALASM syntax before merging. 


Also: Only Boolean descriptions are accepted. State- 
machine descriptions must be expanded and minimized 
to Boolean form before files can be combined. The 
software automatically converts state-machine 
language to Boolean equations during compilation. 
However, it may be difficult to relate the names of 
resulting Boolean equations to the original state- 
machine description. 


The input files are not changed. Merged information is 
stored in a single new output file. Simulation segments 
are removed during the process; these commands can 
be added to the combined file later or stored in a 
separate simulation file. 


Many factors affect whether or not the combined design 
is suitable fora MACH device. These are discussed 
next. 
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4.7.2 DESIGN Before you choose existing PLD files for a combined 
EVALUATION design, it's a good idea to consider the following. 


¢ Compatibility 
¢ Inputs, Clock Signals, and Set/Reset Control 


4.7.2.1 Compati- To determine which designs to integrate into a single 
bility MACH-device design, you must evaluate the following. 


« Characteristics of each design 
e Interaction between designs 

e Device architecture 

¢ Logic complexity 


Speed is an important characteristic. Speed grades 
for some simple PLDs are faster than speed grades for 
MACH devices. If integration allows you to eliminate 
critical delays getting on and off the chip, it's possible to 
meet your speed requirements using a MACH device. 


integration of several devices makes the most sense if 
the combined design requires fewer pins than the gross 
of both designs. Two situations can lead to this result 
and are outlined below. 


e The designs you plan to merge have many input 
signals in common. 


¢ The internal logic variables of the designs and the 
fanout to other devices will be integrated. 


Even designs with few common inputs and feedback 


may result in substantial board-space savings and lend 
themselves well to a MACH-device design. 
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Existing PLD designs that are well suited to MACH- 
device designs include those for the following 
architectures. 


¢ 16R/4, 16R/6, and 16R/8 
e 22V10 
° 16V8 


XOR gates, wide OR structures, and independent flip- 
flop controls are not easy to implement in the MACH 
device. For this reason, the MACH architecture is not 
particularly well suited to designs for the following 


architectures. 
© XPAL 

e PSL 

e RA-PAL 


Complexity is an important consideration. It's impor- 
tant to analyze potential designs to determine if the 
combined design can fit in the chosen MACH device. 
You do this by determining the number of pins, logic 
equations, macrocells, and internal logic variables in 
the combined design. Then compare the data against 
available resources for the chosen MACH device.2° 


An easy way to determine the resources required by 

the combined design is to combine them, compile and 
fit the combined design, and review the MACH report. 
The report provides statistics on all design resources. 


30 Refer to Chapter 5, in this section, and Section Ill, Chapter 8, for additional information. 


4-68 PALASM 4 USER’S MANUAL, SECTION II, DESIGNER’S GUIDE February 1991 


4.7.2.2 Inputs, Other considerations for design suitability should also 

Clock Signals, and be evaluated. 

Set/Reset Control 
Each block in the MACH device has 22 inputs. 
Designs taken from larger devices, such as the 26V12, 
a PLS device, or a 29M16, may have equations that 
use more than 22 inputs. In the MACH-device design, 
these additional inputs must be rewritten as several 
smaller equations and implemented using multiple 
passes through the array. Additional passes through 
the array may create undesirable timing delays. 


The MACH architecture also allows two different clock 
sources. The combined design must not require more 
than two clocks. The MACH device does not allow 
product-term developed clocks or inversion along the 
Clock path. 


Independent set and reset controls are provided for 
each bank of flip-flops ina MACH device. Equations 
with different set or reset functions are placed in 
different banks. If the number of different set or reset 
functions exceeds the number of banks, the design will 
not fit in the MACH device. 


4.7.3 GUIDELINES After you evaluate the designs to determine whether or 
not it is feasible to merge them into a single MACH 
device, you begin the merge process. The merge 
process is divided into two stages: one for the first file 
and one for subsequent files. Each stage involves 
several major tasks and minor activities, which are 
Outlined below. 


¢ Set Up 
Initiate the process 
Specify setup options 


¢ Retrieve Files 


First File 
Subsequent Files 
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¢ Resolve Conflicts 
Review the detectable conflicts table 
Rename signals in the input buffer 
Bind signals together 


¢ Merge Files 
Edit combined data 
Save combined in a file 


¢ Re-engineer the Combined Design 
The following discussions identify the tasks and the 


order of events, and provide some facts about each 
activity.31 


4.7.3.1 Setup To begin the merge process, you initiate the process 


and set up the environment. 


Initiate the Process To initiate the process, 


31 


32 
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1. Change the current working directory within the 
PALASM environment, as usual. 


The directory you choose designates where the 
combined output file will be stored. 


2. Use the Merge design files command on the File 
menu to initiate the process, then identify the name 
of the output file that will include all combined data. 


lf the output file name you supply matches an existing 
name, you're asked if you want to use the data in the 
existing file.32 You can type the letter Y to use the 
existing data or the letter N to destroy the existing data. 


Refer to Section IV, Chapter 9, for details about specific commands and forms. 


If you use existing data, it is moved into the output buffer automatically so you can continue the 
merge process and add other designs to the existing file. 
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Specify Setup Options After specifying the file name, several new menus and 
a status screen appear. 


1. Use the Options command on the Setup menu to 
display a form where you can specify pin sort order, 
floating pins on input, and reuse of input files. 


Recommendation: Float pins on input to assign a 
question mark, ?, in the location field of all pin and 
node statements in the output file. This resolves 
pin-number conflicts and allows locations to be 
determined automatically during compilation and 
fitting. 


2. Use the Set renaming strategy command on the 
Setup menu to specify a substitute naming 
algorithm to use when a signal in the input buffer 
conflicts with a signal in the output buffer. 


The default, $_#, adds an underscore and a three- 
digit number to the signal name in the input buffer: 
_00n, for example. 


Once you’ve set up the environment, you can begin 
combining files. 
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4.7.3.2 Retrieve The merge procedure temporarily stores input and 

Files output data in separate memory buffers. Initially the 
input buffer is clear. The output buffer contains only a 
PDS-file shell, which contains empty declaration and 
equation segments.°3 


Note: The declaration segment contains only a few 
keywords. Header information for the combined design 
is taken from the first input file. _ 


The output file name appears on the screen under the 
Files menu; the input file name area is blank. 


First File To get the first file, 


1. Use the Get next input file command on the Files 
menu to retrieve a design. 


The file is automatically parsed, expanded, and 
minimized. 


¢ If errors are found in the input file, you must 
quit and correct them before you can merge the 
file. 


¢ If no errors are found, the file is placed in the 
input buffer. 


2. Review the pin summary data on the screen. 


The pin summary table provides the information shown 
below. 


33 If you started the merge process using data from an existing file, the output buffer contains design 
information from that file. In this case, skip to the discussion on subsequent files. 
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Pin Summary Table 


FIELDS DEFINITIONS 


Pins Number of pins defined in 
the input and output files 


Nodes Number of nodes defined 
in the input and output files 


Floating Number of floating pins and 
nodes in the input and output 
files 


Unreferenced 15 Number of named pins not 
used in equations 


You can use the Abandon input file command on the 
Files menu to clear the input buffer if the file is inappro- 
priate, then get a different input file. 


3. Use the Merge files command on the Files menu to 
combine the input file with the output-file shell. 


The input file is moved into the output buffer; the 
input buffer is now empty. The status line in the 
center of the screen notes that one file has been 
merged into the output buffer. 


You can view the information in the output buffer at any 
time using the View output buffer command on the 
Editor menu. To return to the merge screen, just press 
[Esc]. 


4. Use the Save command on the Files menu to write 
the information in the output buffer to a file, then 
continue merging subsequent files. 
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Subsequent Files This is a repeat of earlier steps. 
1. Get the next input file. 


This file is placed in the clear input buffer and 
compared with existing data in the output buffer. 
Status tables change appropriately. 


2. Review the pin summary table to determine if the 
design fits in the specified device. 


¢ If the design is suitable, begin resolving 
conflicts. 


¢ If the design is not suitable, you can either 
abandon the input file to clear the buffer or edit 
the pin/node list in the output file to change 


device the type. 
4.7.3.3 Resolve Conflicts fall into two categories: detectable and 
Conflicts undetectable. Detectable conflicts occur when signals 


in the input and output buffer have the same name or 
pin number. These can be resolved from the conflict 
resolution form. 


¢ If the intent is to use separate signals, you must 
rename one. 


¢ If the intent is to use the same signal, you must 
bind them together. 


The default action is to rename the signal in the input 
buffer. 


When you specify no floating pins on input as a setup 
option and two pins are assigned to the same pin 
location on the device, the word Wildcard appears in 
the Action list. In this case, a question mark is 
automatically assigned to the pin location in the input 
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buffer.24 To restore the pin location specified in the 
input buffer, you must edit the pin/node list in the output 
buffer after combining the files. 


Undetectable, resolvable conflicts occur when two 
signals with different names refer to the same signal. 
You can bind these signals together to resolve the 
conflict. Conflicts with other named elements, such as 
state, group, and string names do not occur because 
the input file was expanded and minimized. Hence, 
these potential conflicts are no longer present. 


Review Detectable To determine which detectable conflicts exist, 
Conflicts Table 
1. Review the detectable-conflicts table. 


The table identifies the number of pin/node conflicts 
detected when data in the input and output buffers 
were compared. 


2. Use the Resolve detectable conflicts command on 
the Resolution menu to specify changes to the 
input buffer. 


A conflict resolution form appears listing all signals with 


detectable conflicts. Each row identifies a single 
conflict and includes the information shown next 


34 Refer to Chapter 5, in this section, and Section IV, Chapter 10, for additional details about floating 
pin locations. 
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Conflict Resolution Table 


FIELDS | Derwrions 


Output File Signal name in the output file 


Input File Signal name in the input file 


Action The action to resolve the con- 
flict: Rename input, Bind, or 
Wildcard 


Substitute The name that's assigned 
automatically to the signal in 
the input buffer. 


At this point, you take action as follows; discussions 
below provide guidelines for each task. 


e Rename signals in the input buffer 

¢ Bind signals together 

¢ Combine files when all conflicts are resolved 

¢ Edit the pin/node list in the output buffer 

¢ Save the output file 

¢ Edit the combined design to re-engineer it for the 
MACH device 


Important: The input file is not changed, only data in 
the input buffer is altered. Changes do not become part 


of the output file until you combine files and save the 
data in the output buffer to a file. 


Rename Signals in the It's best to handle wildcard actions first. For example, 

Input Buffer you have two designs with the following pin statements 
and you specify no to floating pins on input in the setup- 
options form. 


PIN 6 CLOCK ;design 1 
PIN 6 CLK ;design 2 


A pin number conflict is detected and Wildcard appears 
in the Action column of the conflict resolution form. 
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To recover from a wildcard action, you complete 
one of two procedures. 


1. Resolve other conflicts on the resolution form, 
press [F10] to accept the changes and return to the 
status screen, merge and save the design, then 
edit the pin/node list in the output buffer as 
described later. 


or 


2. Leave the conflict resolution form, abandon the 
input file, specify floating pins on input as a setup 
option, and retrieve the file again. 


After resolving wildcard actions, you may find the same 
name is used in both the input and output designs, 
though it references different signals. When this 
conflict is detected, one of the signals must be 
renamed. 


When a Signal is renamed, a substitute is provided 
automatically to replace every occurrence of the original 
in the input buffer. Default substitute names include the 
original signal name and an extension that's defined 
using the Set renaming strategy command on the Setup 
menu. You can either accept or change the substitute 
name in the conflict resolution form. 


For example, suppose you have two designs that each 


contain a single equation with registered output, as 
illustrated below. 
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=11+I2 =[1+]2 
8 CLEF-CLOCK 00 CLKF-CLOCK 


-RSTF=RESET -RSTF=RESET 


A conflict is detected for each set of signals with the 
same name: 1I1, 12, QO, and RESET. In this case, 11, 
I2, and QO represent different signals in each design. 
The desired resolution is to rename the signals in the 
input buffer as 13, 14, and Q1; the substitute name that's 
assigned automatically is not appropriate. 


To change the substitute that’s used to rename a 
signal, 


1. Select the Substitute field and press the [Tab] key. 


2. Type anew name to distinguish it from the signal in 
the output buffer and press [Enter]. 


The name must be unique; it cannot match an 
existing name without causing a new conflict. 


Changes aren't reflected in the status at the bottom of 
the screen until you leave the field and return to it. 
Each occurrence of the name is replaced in the input 
buffer. 


When all signals are renamed appropriately, you can 
either bind signals as described in the next discussion, 


4-78 PALASM 4 USER'S MANUAL, SECTION II, DESIGNER’S GUIDE February 1991 


or complete step 3 to return to the detectable conflicts 
table. 


3. Confirm the changes and return to the tables: 
press [F10]. 


Bind Signals Together When one name is used in both the input and output 
designs to reference the same signal, a conflict is 
detected. In this case, the problem signals are listed on 
the conflict-resolution form. However, when two signals 
of different names refer to the same signal, no conflict 
is detected and you must bind these signals manually 
using the Bind command to display the appropriate 
form. 


For example, suppose you have two designs that each 
contain a single equation with registered output as 
shown next. You want to use the same control signals 
to clock and reset both equations. 


LKF=CLOCK 


=| l + =I] +I2 
-CLKF=CLOCK C 
-RSTF=RESET -RSTF=RESET 


In this case, respective signals must be bound using a 
common name. Reset appears in both designs so it is 
listed on the conflict-resolution screen and a substitute 
name is provided automatically. The appropriate action 
is to bind rather than rename the signal in the input 
buffer. 
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However, the clock signals in each design are currently 
named differently. In this case, no conflict is detected 
so you use the Bind command on the Resolution menu 
to display the bind form. Then you can select from a list 
of signals in each design. 


To bind signals with the same name you must use 
the conflict-resolution form, as follows. 


1. Use the Resolve detectable conflicts command on 
the Resolution menu to specify changes to the 
input buffer. 


2. Activate the Action field on the conflict-resolution 
form that corresponds with the appropriate signal 
and display the list of options: press [Tab] then 
press [F2]. 


3. Select Bind from the list and press [Enter]. 
Changes are reflected in messages at the bottom 
of the screen only after you leave the field and 
return to it. 


When all appropriate signals are bound, 


4. Save changes to the conflict-resolution form: press 
[F10]. 


A message indicates the number of signals that will 
be moved to the bind form. 


When you leave the conflict-resolution form, bound 
signals are moved to the bind form. 


To undo the bind operation after leaving the 
conflict-resolution form, 


1. Select Bind pins/nodes from the Resolution menu. 


2. Select the Action field for the appropriate signal and 
display the options. 
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3. Select No action from the list. 


4. Press [F10] to leave the bind form when you have 
finished. 


To bind signals with different names, you must use 
the Bind form as described below. 


1. Select Bind pins/nodes from the Resolution menu. 


The bind form appears listing all signals that were - 
bound from the conflict-resolution form. 


2. Select an empty Output File field and display the 
options. 


A list of all signals in the design is displayed. 


3. Choose the signal in the output file, CLK, for 
example. 


4. Activate the Input File field, display the options, and 
select the name, CLOCK, for example. 


The two signals are bound together and the name 
from the output buffer is used. Each occurrence of 
the name is replaced in the input buffer. 


5. Save changes to the bind form and check the 
conflict form for new conflicts: press [F10]. 


After all conflicts are resolved, you can merge the files 


as discussed next. 


4.7.3.4 Merge Files You merge the files only after all conflicts are resolved. 
Then you can edit the pin/node list if needed. 


1. Verify all conflicts have been resolved 
appropriately. 
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Important: Once begun, the merge process 
cannot be stopped. If you must reverse this 
operation, you must quit and restart as follows. 


Select Quit from the Files menu; do not 
save the current output file. 


You lose all changes to the input buffer. 


Select the Merge design files command 
from the File menu to initiate the operation 
again, then specify a new output file name. 


Get and combine the previous session's 
output file into the new output-file shell and 
continue. 


2. Merge the files and save the output. 


You can edit the pin/node list. The resolved, merged 
design discussed earlier is shown next. 


O0.CLKF=CL 


QO. RSTE-RESET 


=13+14 
.CLKF=CLOCK 
QO.RSTF=RESET 
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After merging files, you can edit the combined data to 
change header information, the device type, or the 
name or location of a signal. 


To edit header information, 


1. Use the Edit pin/node list command on the 
Resolution menu. 


Data in the output buffer becomes available and 
includes the header and pin/node list from all 
designs combined thus far. 


Data appears in a form, like the declaration segment 
form for new PDS files. The top of the form includes 
seven header fields. The information here comes from 
the first input file. 


2. Select the appropriate field and type text as usual, 
then press [Enter] to select the next field. 


If you are finished editing, complete step 3. Otherwise, 
continue with the next procedure. 


3. Save data in the buffer when all editing is complete: 
press [F10]. 


To change the device type, 


1. Activate the Device field and display a list of 
options. 


2. Select the MACH device you want to use. 


If you are finished editing, complete step 3. Otherwise, 
continue with the next procedure. 


3. Save data in the buffer when all editing is complete: 
press [F10]. 
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The pin node list at the bottom of the screen can be 
scrolled and includes all combined data in the output 
buffer. 


To change a pin name or number, 
1. Select the appropriate pin or node statement. 


2. Enter information using appropriate syntax for each 
field as you would in the declaration segment form. 


3. Save data in the buffer when all editing is complete: 
press [F10]. 


You can re-enter the buffer to create additional 
pin/node fields. At least twenty empty fields become 
available at the end of the pin/node list each time you 
enter this buffer. 


4. Save data in the buffer when all editing is complete: 
press [F10]. 


Save Combined Data When the files are merged, 
1. Save the output to disk. 


2. Get the next input file and repeat the entire process 
until all files are combined. 


3. Quit when you're finished. 
4. Edit the combined design using a text editor to re- 


engineer it for a MACH device as discussed next. 


4.7.3.5 Re-engineer After you combine all files for a single MACH-device 
the Combined Design design, you need to edit the resulting file to add the 
following information. 


e Shared resource information 
¢ Group statements with MACH block names 
¢ Simulation commands 
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Shared Resources Shared resources in MACH-device designs include 
clock signals, reset functions, and three-state enables. 
Some PAL devices do not have shared resources. 


To take advantage of shared resources for a MACH- 
device design, you need to add appropriate statements 
to the combined PDS file.3° 


¢ ACLKF statement is required for registered outputs 
in a MACH-device design. 


« SETF, RSTF, and TRST statements are optional. 


¢« Global statements can be used to control the entire 
device 


« Group statements control multiple signals within a 
single MACH block 


Group Statements with Several group names are reserved for MACH-device 

MACH Block Names designs so you can assign signals to specific blocks in 
the device. You just add the appropriate group 
statements to the merged PDS file.3 For example, 


GROUP MACH_SEG_A_ R(0} R{1] R[2] 
GROUP MACH_SEG_B O[1) O[2] O[3] 


Simulation Commands You must create simulation commands for the 
combined design. These can be stored in the 
combined PDS file or in a separate simulation file. 


35 Refer to Chapter 5, in this section, and to Section IV, Chapter 10, for more information about 
MACH-device designs and for details about generic PALASM language constructs and syntax. 


36 Refer to Section IV, Chapter 10, for more information about MACH_SEG group names and for 
details about the language constructs and syntax of simulation commands. 
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This reference-style chapter is divided into five major 
topics. 


¢ The overview, 5.1, introduces the fitting process for 
MACH-device designs, which replaces the 
assembly process performed on other PLD designs. 


e The process discussion, 5.2, identifies the three 
stages of fitting a design and explains what occurs 
in each phase. 


¢ The discussion on designing to fit, 5.3, explores 
~ how to design so there is good prospect of fitting the 
design during the first compilation. 


¢ The discussion on designs that don't fit, 5.4, 
describes how to interpret error messages (and 
recover from an error), interpret the MACH report, 
and explores strategies to change a design that 
doesn't fit initially. 


« The discussion on changes after a successful fit, 
5.5, describes alterations to logic and pin out that do 
not affect fitting results. 
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5.1 OVERVIEW The last phase of the compilation process for MACH- 
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device designs is the fitting process. During fitting, the 
design is mapped to the physical resources of the 
specified MACH device. 


The goal of the fitting process is to determine pin/node 
placements and routing that satisfy design require- 
ments. 


Although the fitting process is automatic, there are 
many things you can do that affect the likelihood of a 
successful fit. 


¢ Assign or allow floating pin and node locations. 

¢ Fix pin and node locations judiciously. 

« Assign logic to specific blocks in a MACH device. 

¢ Change the architecture of logic in your design. 

¢ Change the amount of logic in your design. 

¢ Change compilation, logic synthesis, and MACH 
fitting options. 
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3.2. THE FITTING 
PROCESS 


5.2.1. INITIALIZATION 


5.2.2 BLOCK 
PARTITIONING 
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The fitting process consists of three stages. An 
understanding of each phase can help you choose the 
best corrective action if the design does not fit. 


e Initialization 
¢ Block partitioning 
¢ Resource assignment 


Two files are read by the MACH Fitter during the 
initialization phase. 


* design.TRE is produced during compilation; it 
contains the target device type, signal information 
from pin and node statements, and the design 
description encoded in Boolean sum-of-products 
form. 


* design.PLC contains data generated during the last 
successful fitting process, including pin and node 
placement information that reflects the compilation 
and MACH fitting options you've specified. This file 
is only used when you select the last successful 
placement option. 


After reading the files, information about the internal 
architecture of the specified device is loaded and 
resource checks are performed on the design. Errors 
are reported if the design exceeds the available product 
term, macrocell, pin, or clock resources. 


After initialization, the design is segmented to be fit into 
individual blocks of the specified MACH device. 
Segmentation is accomplished by assigning affinity 
measures to the logic equations. Equations that share 
common inputs have strong affinities and are grouped 
together in blocks. 
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Proper block partitioning is critical for a successful fit. 
You can manually control this process by preplacing 
portions of the logic in specific blocks using the 
reserved word, MACH_SEG_bliock, as aname ina 
Group statement. ! 


5.2.3 RESOURCE In the final phase of the fitting process, individual _ 

ASSIGNMENT equations are assigned to physical resources. This is 
done sequentially for each block in the device, as 
follows. 


¢ Logic equations associated with each pin are 
assigned first. 


¢ Buried logic functions are placed in the remaining 
unused macrocells. 


e Inputs are assigned to any available pads last. 


These pads may be either dedicated inputs or from 
macrocells that are unused or that were used for 
buried logic functions. 


Important: At each point during resource assignment, 
connection resources are marked as used, which 
affects later resource assignments. For this reason, the 
order in which design equations are processed can 
affect the outcome. 


Recommendation: Signals with specified pin and 
node locations are processed first, which can block a 
connection path needed for another signal. It's a good 
idea to float all pins and nodes so the software 
automatically determines processing order and 
locations. 


1 Refer to discussion 5.3.4, in this chapter, for more information on block placement. 
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5.3 DESIGNING TO Decisions you make when entering the design and the 

FIT logic synthesis, compilation, and fitting options you 
specify greatly impact the amount of logic that can fit in 
the device. Some of your decisions also affect design 
performance. 


A clear understanding of the fitting process and the 
resources available in the MACH device can help you 
make sound decisions to achieve the density and 
performance you need. 


The recommended methodology is to float all signals 
initially. With all signals floating, the software 
determines placements and has the greatest chance of 
achieving a successful fit. See the discussion on the 
AMD MACH Fitter in the PALASM 4 Release Notes 
that accompany your software for a complete 
discussion of these techniques. The MACH Technical 
Brief titled "MACH Design Planning Guide” that 
accompanies this software provides an excellent 
introduction to planning MACH designs. (The "MACH 
Design Planning Guide" is also published in the MACH 
Databook. Both publications are available from AMD 
Literature.) 


After finding a successful fit you can try modifying the 
placements to achieve a more desirable pin out. . 


5.3.1 METHODOLOGY 


See the The "MACH Design Planning Guide" found in 
the MACH Technical Briefs (also reprinted in the 
MACH Databook ) for a complete discussion. 


5.3.2 ANALYZE DEVICE 
RESOURCES 


ee eens 
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5.3.2.1 


5.3.2.2 
Signals 
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Clock Signals 


Set/Reset 


MACH devices support multiple clock signals. For 
example, the MACH 110 and 210 devices support a 
maximum of two clock signals. Both clocks are 
available to every macrocell in the device. If you 
specify more than two clock signals in a design, the 
fitting process will fail and report the following error 
message. 


CLK.CNT -1 Too many clocks in user design! 


The device-resource check area of the fitting process 
report shows the number of clock signals used in the 
design. For example, a typical report may show the 
following. 


Available Used Remaining 
Clocks: 2 1 1 


In the example above, only one clock signal is used, 
though two were available. One remains in this case. 


In the MACH device, all macrocells within a block share 
common set and reset signals, except for the 
MACH215. For example: 


¢ The MACH 110 provides two blocks and supports 
two unique set or reset signals. 


e The MACH 210 contains four blocks and supports 
up to four unique set or reset signals. 


The specification of set and reset signals has an 
important effect on block partitioning during the fitting 
process. Logic with different set or reset signals must 
be placed in different blocks. 


Tip: Whenever possible, specify common set and reset 
signals for logic that shares primary inputs or feedback. 


This allows the logic to be placed in a single block and 
increases the likelihood of a successful fit. 


The use of multiple set or reset signals also impacts 
the availability of macrocell resources. For example, 
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consider a design with 20 flip-flops where two share 
one reset signal and 18 share another. When this 
design is partitioned, two flip-flops are placed in one 
block, which leaves 18 flip-flops that must not be placed 
in the same block as the first two. Since the MACH 110 
has only one other block with 16 macrocells, this design 
will not fit even though 30 macrocells remain in the 
device. To fit this design, you must elther change the 
reset control or switch to a larger MACH device. 


5.3.2.3 Macrocells and MACH devices have a varying number of I/O pins with 
/O Pins some configured as inputs, and some as output pins. 
Exceeding these limits results in an error. 


For example, the MACH 110 contains six dedicated 
inputs and 32 macrocells. Each macrocell can be used 
as either an input or an output. The MACH 210 
contains six dedicated inputs and 64 macrocells: 32 
macrocells are output macrocells and 32 are buried 
macrocells. The 32 output macrocells can be used to 
bring signals on and off the device. The 32 buried 
macrocells are used to create internal signals. 


Guideline: Do not use more than 28 macrocells ina 
MACH 110 design or more than 57 macrocells in a 

MACH 210 design. Exceeding these limits increases 
the difficulty of fitting. These guidelines also apply to 
the total number of flip-flops and latches. 


5.3.2.4 Product Terms MACH devices have a varying number of product 
terms. For example, the MACH 110 can support up to 
128 product terms; the MACH 210 can support up to 
256 product terms. 


Guldeline: Do not use more than 115 product terms in 
a MACH 110 design or more than 230 in a MACH 210 
design. 


Four product terms are available to each macrocell in 
the MACH device. Equations with product terms in mul- 
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5.3.2.1 Clock The MACH 110 and 210 devices support a maximum of 

Signals two clock signals. Both clocks are available to every 
macrocell in the device. If you specify more than two 
clock signals in a design, the fitting process will fail and 
report the following error message. 


CLK.CNT -1 Too many clocks in user design! 


The device-resource check area of the fitting process 
report shows the number of clock signals used in the 
design. For example, a typical report may show the 
following. 


Available Used Remaining 
Clocks: 2 1 l 


In the example above, only one clock signal is used, 
though two were available. One remains in this case. 


5.3.2.2 Set/Reset In the MACH device, all macrocells within a block share 
Signals common set and reset signals. 


¢ The MACH 110 provides two blocks and supports 
two unique Set or reset signals. 


¢ The MACH 210 contains four blocks and supports 
up to four unique set or reset signals. 


The specification of set and reset signals has an 
important effect on block partitioning during the fitting 
process. Logic with different set or reset signals must 
be placed in different blocks. 


Tip: Whenever possible, specify common set and reset 
signals for logic that shares primary inputs or feedback. 
This allows the logic to be placed in a single block and 

increases the likelihood of a successful fit. 


The use of multiple set or reset signals also impacts 
the availability of macrocell resources. For example, 
consider a design with 20 flip-flops where two share 
one reset signal and 18 share another. When this 
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design is partitioned, two flip-flops are placed in one 
block, which leaves 18 flip-flops that must not be placed 
in the same block as the first two. Since the MACH 110 
has only one other block with 16 macrocells, this design 
will not fit even though 30 macrocells remain in the 
device. To fit this design, you must either change the 
reset control or switch to a larger MACH device. 


5.3.2.3 Macrocells Your design can have a maximum of 38 I/O signals with 
and 1/O Pins up to 32 configured as outputs and up to 38 configured 
as inputs. Exceeding these limits results in an error. 


a MACH 110 or a MACH 210 design. 

The MACH 110 contains six dedicated inputs and 32 
macrocells. Each macrocell can be used as either an 
input or an output. The MACH 210 contains six 
dedicated inputs and 64 macrocells: 32 macrocells are 
output macrocells and 32 are buried macrocells. The 
32 output macrocells can be used to bring signals on 
and off the device. The 32 buried macrocells are used 
to create internal signals. 


Guideline: Do not use more than 28 macrocells ina 
MACH 110 design or more than 57 macrocells in a 

MACH 210 design. Exceeding these limits increases 
the difficulty of fitting. These guidelines also apply to 
the total number of flip-flops and latches. 


5.3.2.4 Product The MACH 110 can generate 128 product terms; the 
Terms MACH 210 can generate 256 product terms. 


Guideline: Do not use more than 115 product terms in 
a MACH 110 design or more than 230 ina MACH 210 
design. 


Four product terms are available to each macrocell in 
the MACH device. Equations with product terms in mul- 
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5.3.2.5 Interconnection 
Resources 


gates. 
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tiples of four make the most efficient use of device 
resources. 


An equation with four product terms can be realized 
using one macrocell and one pass though the array, 
which results in the minimum propagation delay. 
Equations with more than four product terms are 
realized using product-term steering or gate splitting.2 


Product-term steering uses resources from more than 
one macrocell but requires only one pass through the 
array. Equations with up to 12 product terms in the 
MACH 110 and 16 product terms in the MACH 210 can 
be implemented using this method. 


If you enable the automatic gate-splitting option, 
equations containing more than the maximum number 
of product terms are implemented using gate splitting. 
This requires multiple passes through the array and 
results in increased propagation delay. 


Utilization of interconnection resources is one factor in 
the fitting process. This measure is calculated by the 
software and used in the MACH fitting process. 


This internal measure of chip connectivity does not 
appear in the resource utilization table, but you can 
affect it indirectly using techniques described under 
discussions 5.3.3, 5.3.4, and 5.3.5. These techniques 
will improve the efficiency of fitting your design ina 
MACH device. 


Refer to Section IV, Chapter 11, for detailed information on steering product terms and splitting 
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5.3.3 ASSIGNING Arbitrary preplacement of pins and nodes is likely to 

PIN AND NODE result in a no-fit situation and is not recommended. 

LOCATIONS There are techniques you can use to improve the pin 
out once a successful fit is accomplished with all pins 
and nodes floating. These techniques are described 
under discussion 5.5.1. 


If you must fix locations to satisfy PCB routing or other 
requirements you should use the following guidelines. 


Build up the preplacement list gradually starting with 
only one or two signals;deave the rest floating. Place 
large logic functions first then smaller ones; place 
inputs last. 


e If fitting is successful, place one or two more. 


¢ — If fitting is not successful, try different placement 
locations. 


When placing signals in macrocell locations, you can 
either use adjacent macrocells or leave them empty. 
Leaving a macrocell empty releases its associated 
switch-matrix resources. 


The following figure shows placement using adjacent 
macrocells. 
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Signal A 


Signal B 


Signal C 


Signal D 


| 
ee 
| 
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Macrocell 


Macrocell 


Macrocell 


Macrocell 


Macrocell 


Macrocell 


Macrocell 


Macrocell 


The next figure shows placement leaving adjacent 


macrocells empty. 
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5.3.3.1 Large Logic 
Functions 
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Signal A Macrocell 


Empty Macrocell 


Signal B Macrocell 


Empty Macrocell 


Signal C Macrocell 


Empty Macrocell 


Signal D Macrocell 


Empty Macrocell 


Determining the correct placement technique depends 
on the type of logic in the design, as discussed next. 


Spread out large logic functions. Logic functions with 
more than four product terms need the resources of 
more than one macrocell. As a result, placing large 
functions in adjacent macrocells limits the use of 
product-term steering and may lead to problems. 


In the MACH 110, a macrocell can borrow four product 
terms from two adjacent macrocells for a total of 12. 


CHAPTER 5, COMPILATION / FITTING 5-13 


5.3.3.2 Large 
Functions at the End 
of a Block 


5.3.3.3 Adjacent 
Macrocell Use 
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Borrowing can only occur if the adjacent macrocell is 
not already used. 


¢ If an equation has five to eight product terms, leave 
at least one adjacent macrocell empty. 


¢ If ithas more than eight product terms, leave both 
adjacent macrocells empty. 


In the MACH 210, a macrocell can borrow four product 
terms from each of three macrocells; one directly above 
and two directly below. 


¢ If an equation has five to eight product terms leave 
at least one adjacent macrocell empty. 


¢ If an equation has nine to 12, leave at least two of 
the three empty. 


¢ lf an equation has more than 12, leave all three 
empty. 


The macrocells at the end of a block have only one 
adjacent cell that can be used for product-term steering. 
MACH 210 block end-cell numbers are 0 and 15; 
MACH 110 block-end cell numbers are 0, 7, 8 and 15. 
Do not use these locations for logic functions with more 
than eight product terms. 


Use adjacent macrocells for small logic functions that 
require a moderate percentage of a block's resources 
and have significant intra-block communications. 


Leave adjacent macrocells empty when placing small 
logic functions that use a high percentage of a block's 
resources with few intra-block communications. 


Leaving adjacent macrocells empty also works if you 
must place logic functions with many common inputs in 
different blocks. Logic functions with many common 
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inputs, such as a Barrel Shifter, should be staggered 
and spaced when placed in successive blocks. 


Logic functions associated with pin or node statements 
are placed in blocks in the order you list them in a 
Group statement. In this sense, you can control logic 
placement inside a MACH block. You can use 
statements such as the one shown next to stagger Qx 
logic placement. 


GROUP MACH_SEG_A QO Q2 Qi A3 


Leave adjacent macrocells empty in a MACH 210 
design when placing functions using double feedback 
and input registers. Additional interconnection 
resources are needed for functions that use feedback 
from the output macrocell and the buried macrocell. 
This is also true for functions that use input registers. 
Leave adjacent macrocells empty when placing these 
functions. When placing functions in other blocks that 
use these feedback signals or registered inputs, leave 
adjacent macrocells empty. 


5.3.4 GROUPING Block partitioning is one of the most important phases 

LOGIC of the fitting process. In this phase, the software 
segments the design into groups to be fit into blocks in 
the MACH device. 


Fitting success is heavily affected by the number of 
connections between different blocks. Logic grouping 
allows you to place a subset of the logic into a particular 
block without placing any other restrictions on specific 
cell placement. 


Whenever possible, you should place logic with 
common inputs and feedback in the same block. This 
minimizes the number of wires crossing between 
blocks, which results in a lower demand for 
interconnection resources and an increased likelihood 
of a successful fit. 
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For a group of logic to fit into one block it must share 
common set and reset signals and follow the output- 
enable product-term rules. In addition, it must not 
exceed the block's product-term, macrocell, and 
storage-device resources. 


To specify logic grouping during design eniry, use the 
group MACH_SEG_biock statement in your PDS file or 
edit part field 2 of the NODE or storage-device macros 
in the schematic.3 


5.3.5 SETTING You can affect the fitting process by changing the 
COMPILATION AND setting of various compilation and fitting options. A 
FITTING OPTIONS common design methodology is to use the default 


settings in the Compilation, MACH Fitting Options, and 
Logic Synthesis Options forms, then review the results 
of the compilation process. 


If the design does not fit you can analyze the MACH 
report to determine the best options or use the Run until 
first success option on the MACH Fitting Options form.4 


5.3.5.1 Gate The gate splitting option on the Logic Synthesis Options 
Splitting form? controls the splitting of equations into smaller 


ones with fewer product terms. 


¢ If the option is set to N, your equations will not be 
changed. 


3 Refer to Section Ill, Chapter 7, and Section IV, Chapter 11, for more details on the syntax of these 
commands. 
4 Refer to Section IV, Chapter 9, for details about the MACH Fitting Options form and other 
compilation options. Also, refer to Section IV, Chapter 11, for device-specific details. 
S Refer to Section IV, Chapter 9, for details about each of the options available for this specification. 
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¢ If the option is set to Y, every equation that contains 
more than the maximum number of product terms 
will be split into smaller equations. 


For example, assume your design contains an equation 
with 12 product terms and the option is set to Y witha 
maximum of four. The equation will be split into three 
equations of four product terms. It will take three 
passes through the array to implement the new 
equations.® 


Logic Synthesis Options 
Use automatic gate splitting? Y ...if *Y’, Max =4 


The default setting for automatic gate splitting is N. 


Using product-term steering for the MACH 210 device 
can implement equations with up to 16 product terms. 
The MACH 110 can implement equations with up to 12 
product terms using product-term steering. | 


¢ If you have a MACH 110 design that contains 
equations with more than 12 product terms, you 
must set the gate-splitting option to Y and set the 
maximum gates to 12 or less. 


¢ lf you have a MACH 210 design with equations that 
contain more than 16 product terms, you must set 
the gate-splitting option to Y and the maximum 
number to 16 or less. 


For maximum speed, you should set this option to N 
and let the fitter implement larger equations using 
product-term steering. Equations implemented using 
this method require only one pass through the array. 
Product-term steering also decreases the total demand 
for signal routing resources because no feedback 
signals are required. 


6 Refer to Section IV, Chapter 11, for detailed information on splitting gates and steering product 
terms. 
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Use the following options on the MACH Fitting Options 
form to enable skipping adjacent macrocells option. 


When compiling Select one combination 
Expand all PT spacing? Y 


See the discussion on the AMD MACH Fitter in the 
PALASM 4 Release Notes that accompany your 
software for a complete discussion of these techniques. 
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5.4 STRATEGIES, Designs with high-utilization factors or preplaced pins 

DESIGNS THAT and nodes may not fit on the first attempt. If the design 

DON’T FIT does not fit, the following error message is reported on 
the last line of the MACH report. 


File Processing Terminated 


If this occurs you can use the fitting process output 
reports and error messages to locate problem areas. 
Corrective actions depend on the type of problem and 
include the following. 


¢ Set compile options. 

* Manually assign logic to blocks in the device. 

¢ Float the locations of all pins and nodes. 

« — Fix the locations of pins and nodes judiciously. 
* Change the architecture of the logic. 

* Change the amount of logic in the design. 

¢ Use a different MACH device. 


lf the design does not fit and you have preplaced any 
pins or nodes, the first thing you should do is force all 
signals to float using the MACH Fitting options form, 
then recompile the design. 


* If this results in a successful fit you can try to modify 
the resulting pin cut using techniques in discussion 
5.0; 1: 


¢ If the design does not fit with all pins and nodes 
floating, you should carefully examine the MACH 
report, described next, to identify problem areas and 
determine corrective actions. 


9.4.1 - 5.4.13 MACH 
REPORT 


The MACH report file contains error messages, 
Statistics about the design, and detailed information on 
the result of the fitting process. For a complete 
discussion of the report file, see the MACH Technical 
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5.4.1.14 Connection 
Status 


5.4.1.15 Output Files, 
Errors and Warnings 


The Design Doc is’ stored in 
The Jedec Data is stored in 
The Placements are stored in 


"Interpretation and Use of the .RPT File", and the 
PALASM 4 Release Notes that accompanies your 
software. 


The connection status follows the pin map. The 
presence of the pin map indicates a connection status 
of 100%. 


The output files are indicated here along with error and 
warning counts and a fitting status message. 


> C16 CARY.Rpt 
> C16 CARY.Jed 
> C16 CARY.Plc 


$$ FITR $% Error Count: 0, Warning Count: 2 


%% FITR %% File Processed Successfully. - File: C16 CARY 


5.4.2 INTERPRETING 
ERROR MESSAGES 


Design doc refers to the name of the MACH report 
produced for this design. The names of the JEDEC 
and placement files are also listed. The design name 
appears on the last line following the status of the fitting 
process. 


Three types of messages are produced by the fitting 
process: status, simple error, and complex error 
messages. 


Status messages provide information about the 
progress of the fitting process. They can indicate 
potential problems in a design but do not necessarily 
indicate a no fit situation. 


Simple error messages provide information on an error 
condition with an easily identifiable cause and solution. 

These errors are usually due to a design-rule violation. 

An example follows. Recovery for these types of mes- 

Sages are provided in the online help. 
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Too many clocks in design. 


Complex error messages indicate a difficult error 
condition. In addition, there is one status message that 
often accompanies these errors. To interpret these 
messages, you must analyze the MACH report and 
your design logic. Recovery from these conditions can 
be an iterative process. 


The following discussions identify some of the more 
common status message and complex error messages, 
possible causes, related parts of the MACH report, and 
recovery procedures. For aa more complete listing, 
see the PALASM 4 Release Notes that accompanies 
your software. 
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You can access the report by selecting Reports from 
the View menu, then choosing MACH report from the 
submenu. 


The following information is provided in the MACH 
report after the header. The header includes the 
release number, copyright notice, and details about the 
design and file being processed. 


5.4.1.1 Flags Used A summary of the selected MACH fitting-process 
options follows. 


Entering the letter Y beside an option on the MACH 
Fitting options form sets a flag to true, as identified in 
the table shown next. 


MACH Fitting Options Flag 
OUTPUT: 
Report level Detailed 
Signal Placement 
Force all signals to float Unplace 
Use placement data from Design file 


Fitting Options 


When compiling Select one 
combination... 


Save last successful placement<F3> 

Press <F9> to edit file containing Last successful 
placement 

Maximize packing of logic blocks? Max Packing 

Expand small PT spacing? Expand Small 

Expand all PT spacing? Expand All 
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5.4.1.2 Pair Analysis A report on input and output pairs. Errors are flagged if 
you include illegal pair declarations in pin/node state- 
ments. Nothing is reported if no pairs are declared or 
produced automatically. The example that was used to 
generate this report did not include pairs. 


PAIR Analysis... 


5.4.1.3 Pre- lllegal and conflicting preplacement errors are flagged 
Placement & here. For example, an error is reported when the place- 
Equation Usage ment of a signal defined using a Group statement, with 
Checks the reserved word MACH_SEG_ block as the group 


name, conflicts with the pin assignment for that signal in 
a pin or node statement. 


Pre-Placement & Equation Usage Checks... 


5.4.1.4 Timing Data includes the timing parameters and the maximum 
Analysis for Signals and minimum delays associated with signals. 


¢ Pin-to-pin combinatorial propagation delay (Tpd) 
¢  Flip-flop setup time (Tsu) 

¢ Clock to output delay (Tco) 

¢ Clock to register delay (Tcr) 


The signal list includes only those with maximum 
delays; signals with less than maximum delays are not 
listed. Timing information is presented in terms of the 
number of passes through the array. The actual delay 
times for one pass through the array is provided in the 
device datasheet. 


To calculate the actual delay time in nanoseconds, you 


multiply the propagation delay shown in the datasheet 
by the number of passes through the array. 
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**x* Timing Analysis for Signals 


Parameter Min Max Signal List (Those having Max delay.) 
Tsu 1 1 


Tco 


Ter 


Combinatorial propagation delay, input to output 
Tsu —- Combinatorial setup delay before clock 
Tco -— Register clock to combinatorial output 
- Register thru combinatorial logic to setup 
delay values quoted in terms of array 


5.4.1.5 Device This table shows the resources available in the selected 

Resource Checks device and those required by the design. If the 
resources required by a design are greater than those 
supported by the device, an error is reported and the 
process is terminated. 


Important: Product terms are allocated in clusters of 
four. Therefore, the number of remaining product-term 
clusters may not correspond exactly to the number of 

product terms available minus the number used. 


I/O macros include only those connected to I/O pads in 
the device. The total macro line includes buried 
macrocells. 


Review the information contained in this section and 
compare it to utilization guidelines provided in 
discussion 5.3.2. 
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**x* Device Resource Checks 


Available Remaining 


Clocks: 

Pins: 

I/O Macro: 

Total Macro: 

Product Terms: 
MACH-PLD Resource Checks OK! 


5.4.1.6 Block Statistical information, such as number of array inputs, 

Partitioning \/O and buried macros used, product terms used, 
fanout, etc., are reported for each block. In addition, 
the signals assigned to each block are listed. 


Results of the block partitioning phase of the fitting 
process are shown, including the distribution of logic 
among blocks and statistics about the utilization of each 
block. 


This part of the report is important when locating 
problems related to block partitioning. You can correct 
these types of problems using logic grouping. 


Partitioning Design into Blocks... 
*** Last Equations Placed in Blocks 
Weakly - 


*** Block Partitioning Results 
Array Macros Buried Product Signal 
Inputs Remain Logic Fanout 
Block-> A 19 6 2 11 
Block-> B 22 8 0 8 


*k** Block Signal List 
Block-> A 


Block-—> B 
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Information in this section of the report is described in 
detail below. The sequential list, if any, that follows the 
word Weakly contains affinity information on the last 
signals to be placed in blocks. The design used to 
generate this report had nothing to report. 


The columns from Block through Buried Logic tell you 
how heavily a block is used and if you can pack more 
logic into it. The Product Terms column indicates 
connectivity. If the fanout number in the Signal Fanout 
column is excessive, it burdens the interconnection 
resources and causes congestion. 


A. Weakly 


The first line contains signals with a weak affinity to 
other equations in the block, which means they 
share few common inputs. The second line 
contains signals with no affinity, which are arbitrarily 
placed into blocks with sufficient resources. If you 
need to remove logic from your design to achieve a 
fit, this information can help you determine which 
signals to remove. 


B. Block name identifies the name of the block to 
which the following information applies. 


C. Array inputs shows the number of inputs to the 
array block, the maximum for each block is 22. 


D. Macros remaining identifies the number of unused 
macrocells. 


E. /O macros indicates the number of macros used 
for I/Os connected to pins. 


F. Buried macros defines the number of buried 
macrocelis used to generate logic, not connected to 
pins. 


G. Product terms identifies the number of product 
terms used; each block has 64. 
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H. Signal fanout lists the number of signals fanning 
out to other blocks. 


The number of connections fanning out to other 
blocks is a measure of the number of wires crossing 
between blocks. A high number is an indication of a 
block partitioning problem. This problem can be 
corrected by manually partitioning signals among 
blocks using logic grouping commands. 


The goal of logic grouping is to minimize the 
number of connections between blocks. You do this 
by grouping signals that share common inputs in the 
same block.® 


|. Block signal list identifies the list of signals placed 
within the block. 


5.4.1.7 Utilization The overall utilization for the device is identified in this 
section of the MACH report. High utilization, 75-80%, 
indicates routing congestion caused by too many 
interconnects or excessive fanout. Very high device- 
utilization numbers, greater than 90%, can indicate 
difficulties in fitting the circuit; they may also suggest 
that the selected device is too small for the circuit.2 


Device Utilization....... *:; 66% 


8 Refer to discussion 5.3.4, in this chapter, for more information on logic grouping strategies. To 
specify logic grouping, use the MACH_SEG_block statement in your PDS file, as described in 
Section IV, Chapter 10, or edit Part field 2 of the NODE storage-device macro in the schematic, as 
described in Section Ill, Chapter 7. 


9 Refer to discussions 5.3.3 through 5.3.5, in this chapter, for the utilization guidelines. 
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5.4.1.8 Assigning This area of the report provides statistics on the 


Resources 


Assigning Resourc 


*** Macro Block A 
Buried Logic> 
Targets> 


progress of the fitting process as it attempts to place 
and route signals. Errors are reported if signals cannot 
be routed. To report these statistics, select detailed 
reports on the MACH Fitting options form. 1° 


Report level Detailed 


eS... 


CARY_DN CARY_UP 
O0¢ 2) 2¢( 4) 4( 6) 6¢€ 8) 8(14) 10(16) 12(18) 14020) 


CARY_DN (A 0) 


CARY_UP ( 
1/0 Macros> 
Targets> 
Q0 


Ql 
Q2 


Q3 


*** Macro Block 
Inputs> 


Targets> 


*xkx* Macro Block B 
Inputs> 


A 2) 


Q1 Q2 Q3 
Q5 Q6 Q7 
3( 5) 5( 7) 7( 9) 9(15) 11(17) 13(19) 15(21) 


-> (A 
-> (A 
—> (A 
—> (A 


LOAD UP ENABLE 
16 
1(11) = =—-2(13) = 33032) 433) 


(A 16) (B 16) 
(A 17) (B 17) 
(A 19) (B 19) 
(A 20) 
(A 21) 


LOAD ENABLE 


10 Refer to Section IV, Chapter 9, for detailed information on MACH fitting options. 
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5.4.1.9 Signals, The next table lists signal names and corresponding pin 


Tabular 


numbers, block and cell locations in the device, the 
types and number of product terms for outputs, etc. 


The information in this table is useful in identifying and 
resolving problems if the design does not fit. 


You can use this information when minimizing inter- 
block connections as discussed under 5.4.1.10, 
Signals, Equations. 


**e* Signals - Tabular Information 
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Type Logic # PT -Blocks- 
clock pin 
input AB 
input : AB 
input AB 
i/o pin AB 
j/o pin A 
i/o pin A 


i/o pin 
input 
Input 
input 


input 
buried 
buried 


Pin/Node Number 
Signal Unplaced 


Macrocel] Location (Block & Cell) 
Number of used product terms in logic 
Device blocks driven by signal 
Combinatorial logic function 

D-Type Flip-flop 


Information in this section includes the items listed 
below. Information in the (Loc) and -Blocks- areas can 
be used to minimize interblock connections. I!n this 
case, you Can try to confine signals to as few blocks as 
possible by placing related logic in the same block. 
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A. Signal name identifies the signal to which the 
following information applies. 


B. #indicates the order of the pin/node statements in 
the declaration segment of the PDS file. 


C. P/N #shows the pin number on the device to which 
the signal is assigned. 


D. (Loc) indicates where the signal is located: Input, 
I, or block A, B, C, or D. 


E. Type identifies the kind of signal, that is CLK, input, 
I/O, or internal (buried macros), and shows how 
device resources are used. 


F. Logic identifies the flip-flop type: DFF, TFF, 
combinatorial. 


G. #PT identifies the number of product terms used by 
the the signal. 


H. -Blocks- indicates which blocks are fed by this 


signal. 
5.4.1.10 Signals, This table is valuable if you need to minimize the use of 
Equations signal-routing resources through the judicious grouping 
of signals. 
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xxx Signals — Equations Where Used 


Signal Source Fanout List 
CLK 
ENABLE: Q0 
: Q4 
Q8 
Q12 
BB BBAA} 


BB BBAA} 


Q1 

Q5 

Q9 
: Q13 
Coke. ees .BBB BAA} 


Q0: Q0 


Signals that drive other blocks require additional 
interconnection resources. If you can group signals so 
they only drive equations located in their own block, the 
likelihood of a successful fit increases. You can do this 
by building a list of signals that share common inputs as 
indicated in this table. Then place signals that share 
common inputs in the same block. 


You can use information in tabular data to insure the 
design does not exceed block, macrocell, or product- 
term resources. Also be sure not to violate the 
set/reset rules described in 5.3.2.2. 


You probably need not assign a group location to every 
signal to achieve a fit. When you do, start with the 
signals that result in the biggest reduction in the 
number of interblock connections. 


To specify logic grouping you can either use the Group 
statement, with the MACH_SEG_block reserved word 
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aS a group name, in the PDS file or edit part field 2 of 
the NODE or storage-device macro in the schematic. !1 


5.4.1.11 Feedback This map shows how each input and feedback signal is 

Map routed and complements information in the logic map. 
Feedback and interconnection blocks feed the PAL . 
arrays, which in turn feed macros through the logic 
allocator. The map provides an overview of output 
signals being fed back to drive other outputs. Since the 
map shows which signals are available in a logic block, 
it can be useful when making decisions to modify 
existing logic without disturbing the fitting process 
beyond recovery. It also provides a visual measure of 
connectivity requirements. 


In the example below, you can see that input signal |2 
is assigned to A2; 110 is assigned to B5. I/O signals 
used by other outputs and all internally generated 
nodes are fed back through the interconnection 
resources. 


*** Feedback Map — 16 BIT UP / DOWN COUNTER 


Gb] Inp .--. 1/0. aretoA=—F=—.. 170 1/0. s==t=-8--+=—, 1/70 
| O| | 0| |21| 16 CARY_DN : 0| |21| Q9 
| 1] Qo: 1| |20| I5 Qo: 1| |20] Ill 
| 2] I2 : 2| |19| ENABLE CARY_UP ; 2| |19| ENABLE 
| 3] Q1: 3| |18| 17 18! 22.3) |18| Q8 
| 4] Il : 4| |17| UP Q10 : 4| |17| UP 
| 5| Q2: 5| [16] LOAD 110: 5] [16] LOAD 
a I0 : 6 |15: Q7 Q1l1 : 6| {15: 114 
Q3.: 7| |14: 13 19: 7| |14: Q15 
| 8| |13: Q6 Q12 : 8| Liss iS 
Q4 : 9| |12: 14 I13: 9] {12: Q14 
|10| |11: Q5 Q13 :10] [tie Tle 
*—~-+-—y--—y+-— ' *—-—4+—y--—y+-—_ ' 


11 Refer to Section Ill, Chapter 7, and Section IV, Chapter 10, for details on the syntax of these 
commands. 
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The example above also shows that Q0 is assigned to 
cells A1 and B1; in the logic map under 5.4.1.12, you 
can see that Q0 is assigned to logic block A, macro 1. 
Using the two maps with equations in the PDS file, you 
can determine that QO is generated as an output signal 
in logic block A. It is also fed back to blocks A and B to 
generate output signals in logic blocks A and B. 


5.4.1.12 Logic Map The logic map, shown next, graphically summarizes the 
assignment of output signals and internal nodes for 
each block in the MACH device. It also shows the 
signals assigned to global input pins. This visual 
summary helps you gauge device utilization, distribution 
of signals among logic blocks, and assignment of 
signals to macros. 


*** Logic Map - 16 BIT UP / DOWN COUNTER 


1/0 .--t--A--+--. 1/0 
CARY_DN 1 {21 


3 
1 
4 


SSF -U=-Ut= =" 


The small block on the extreme left shows the signals 
assigned to global input pins. In addition, each block in 
the MACH device is illustrated. 


The signal name that appears is the one declared in the 
pin/node statements of the PDS file. The logic map 
shows the output signals, nodes, or I/Os assigned to 
different macros in each block. 


The example above shows 22 possible signal locations 
for each logic block. However, macros are associated 
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with only 16; the rest are inputs. The internal-node 
signal CARY_DN is assigned to block A, macro 0; 
output signal Q15 is assigned to block B, macro 14. 


Beside each macro number, near the center of the 
block, is the number of product terms used for the 
signal. For example, QO has three product terms and 
Q8 has four. 


¢ Ablank that appears in place of a product term 
indicates a dedicated input. 


¢ Adotin place of a product term indicates a macro 
that is not used. 


¢ An asterisk in place of a number of product terms 
indicates product-term steering. 


In this case, the PT available to that macro was 


borrowed by the adjacent macro to generate logic 
requiring more than four product terms. 


5.4.1.13 Pin Map The pin map shows the pin assignment for each input 
: and output signal in the design. 
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*** Pin Map 


I 
Q 


19 
| 


| 4 
4 | 
Q2| 7 39|14 
110| 8 V 38(013 


Q14 


8 
| 
| 
| 
| 
| 
| 
| 
| 
| 


0 
| 
7 | 
| | 
1 | | 
| | | 
| | | 
| 


| 
| Q 
|| 
|| 
|| 
| 
|! | 

4 4 4 | 
Ss 2£ 0 


Q3| 9 
LOAD|10 
UP|11 
Gnd |12 
ENABLE | 13 
112|14 
Q4/15 
113|16 
Q5|17 


37| 13 
36012 
35|CLK 
34| Gnd 
33| 16 
32|15 
31|111 
30|Q11 
29|12 


5.4.1.14 Connection The connection status follows the pin map. The 

Status presence of the pin map indicates a connection status 
of 100%. 

5.4.1.15 Output Files, The output files are indicated here along with error and 

Errors and Warnings warning counts and a fitting status message. 


February 1991 CHAPTER 5, COMPILATION / FITTING 5-35 


The Design Doc is stored in ===> C16_CARY.Rpt 
The Jedec Data is stored in ===> C16_CARY.Jed 
The Placements are stored in ===> C16_CARY.Plc 


4% FITR 2% Error Count: 0, Warning Count: 2 
4% FITR 4% File Processed Successfully. — File: C1l6_CARY 


Design doc refers to the name of the MACH report 
produced for this design. The names of the JEDEC 
and placement files are also listed. The design name 
appears on the last line following the status of the fitting 


process. 
5.4.2 INTERPRET- Three types of messages are produced by the fitting 
ING ERROR process: status, simple error, and complex error 
MESSAGES messages. 


Status messages provide information about the 
progress of the fitting process. They can indicate 
potential problems in a design but do not necessarily 
indicate a no fit situation. 


Simple error messages provide information on an error 
condition with an easily identifiable cause and solution. 

These errors are usually due to a design-rule violation. 

An example follows. Recovery for these types of mes- 

sages are provided in the online help. 


Too many clocks in design. 


Complex error messages indicate a difficult error 
condition. In addition, there is one status message that 
often accompanies these errors. To interpret these 
messages, you must analyze the MACH report and 
your design logic. Recovery from these conditions can 
be an iterative process. 


The following discussions identify the status message 
and each of the complex error messages, possible 
causes, related parts of the MACH report, and recovery 
procedures. 
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¢ 5.4.2.1, Marginal block partitioning measure, 
Warning F120 


¢ 5.4.2.2, Partitioning could not place ail signals into 
blocks, Error F580 


¢ 5.4.2.3, Product term distribution, Error 610 
¢ 5.4.2.4, Not all input signals connected, Error F600 


¢ 5.4.2.5, Connection problem (wiring congested), 
Error F590 


¢ 5.4.2.6, Mapping difficulty - no feasible solution, 
Error F620 


Since two error conditions often occur together, and 
one message is a status message, design examples 
are not provided for all error conditions. Each design 
example shows a typical sequence of actions you can 
take to recover from problems. 


5.4.2.1 Marginal This message is only a warning; the fitting process may 

Block Partitioning still be successful. However, poor partitioning may 

Measure, Warning cause problems later in the fitting process that result in 

F120 unconnected signals and product-term distribution 
errors. 


In the partitioning phase of the fitting process, 
equations are assigned to blocks in the MACH device. 
This assignment is accomplished by analyzing the 
number of common inputs shared between equations. 
Equations are assigned similarity measures and are 
placed to reduce connections between blocks. 


|> WARNING F120 — Marginal Block Partitioning Measure: (too high) 18 


Explanation: 

The process of dividing up user logic signals between MACH device blocks 
was not optimal for this design. You should consider using manual block 
partitioning commands to improve partitions and make more room for logic. 
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However, this process fails when there are either too 
few or too many shared signals. In this case, signals 
with common inputs are scattered, which results in 
higher utilization of interconnection resources. The 
number following this error message is the similarity 
count, which is an indirect measure of the number of 
common inputs. 


¢ Alow number, such as four, indicates too few. 
¢ A high number, such as 15, indicates too many. 


interpreting the Report Several parts of the fitting-process report contain 
information that can help you determine how to 
manually group signals. 


¢ Signals, Tabular: For each signal in the design, 
this table shows the blocks each signal drives. 


¢ Signals, Equations: This table shows the fanout 
list for each signal in your design. 


¢ Block Partitioning Results: The first table shows 
statistics on each block in the device; the second 
table provides a list of signals placed in each block. 


Recovery Consider using Group statements with the reserved 
word MACH_SEG_ block as a group name to place 
signals in logical groups. Group signals with common 
inputs in the same block to minimize the number of 
interconnections between blocks. You must answer no 
to force all signals to float on the MACH fitting options 
form when your use a Group statement. Otherwise, 
you preplacements will be ignored. 


Force all signals to float? N 


For state machine designs, you can implement all 
state bits within a single block when product terms and 
input resources are sufficient. In this case, you place 
decoded outputs in other blocks based on the state bits 
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or inputs they use. However, if product term and input 
requirements prevent these groupings, consider 
introducing extra state bits to decouple transitions and 
outputs from each other. Then place the outputs and 
state bits together in the same block. 


Designs with minimum shared inputs require other 
considerations. In data path and shift register 
applications, one output feeds only a few equations ina 
deep chain. Often there are only a few inputs that drive 
all stages of the design. For this type of application, 
you Can usually reduce intra-block communication by 
manually grouping signals in a vertical bit-slice or nibble 


fashion. 
5.4.2.2 Partitioning During the partitioning phase of the fitting process, 
Could Not Place All equations are assigned to blocks in the MACH device. 
Signals into Blocks, The partitioner places equations in a block until it 
Error F580 becomes full or until all related equations are placed. 


The partitioner then moves on to another block or 
another group of related equations. 


This error is issued when there are no remaining blocks 
to place equations. Following the error message are 
the signals that could not be placed in blocks. 


|> ERROR F580 - Partitioning could not place all signals into blocks! 


Explanation: 

The process of dividing up user logic signals between the MACH device 
blocks failed. Please rework design and/or remove equations to correct. 
(See online documentation for additional explanation & recovery actions.) 


The following considerations are evaluated during the 
fitting process when determining partitions between 
blocks. 


¢ The similarity between equations 
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Interpreting the Report 


¢« Shared resources such as set and reset signals 
e The number of product terms 

¢ The number of block inputs 

e The number of macrocells 


Some resources may be unused or reserved if the 
maximize packing of logic blocks option is set to N in 
the MACH Fitting options form. 


This error is usually followed by a diagnostic message 
which provides more information on the cause of the 
failure. For example, the message shown next may be 
issued. 


[> WARNING F110 - Blk A full! (all available Inputs used) 
1> WARNING F110 — Blk B full! (all available Inputs used) 


Try Using Max Packing 


Recovery 
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Density 0 


tion 


The partitioning-results table shows statistics for each 
block in the device. This provides a list of signals 
placed in each block. 


There are several possible recovery procedures. 


If the root cause of the problem is exhaustion of product 
terms or input or I/O resources, you can maximize the 
packing of logic blocks using appropriate specifica- 
tions in the MACH Fitting Options form. This allows the 
fitting process to use all the resources in each block 
and may produce a fit. 


While compiling Select one combination 
Maximize packing of logic blocks? Y 


Improve the use of shared resources. In the MACH 
device, all equations in a block share set, reset, and 
output enable control signals. Whenever, a new control 
signal is specified, the equations using the signal must 
be placed in a new block. 
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Using too many independent control signals in your 
design prevents the fitting process from placing all of 
your equations into blocks. In this case, you can 
remove all SETF, RSTF and TRST equations and 
recompile. If this results in a fit, incrementally add the 
equations back into the design to isolate the problem. 


Once the problem is traced to a particular resource, you 
must usually rework your logic to fit within the MACH 
architecture. 


Rework the logic. If the procedures above fail to 
produce a fit, you must rework the logic. You can 
looking at the diagnostic messages to determine which 
resources are depleted. For example, if the message 
indicates all available inputs are used, reduce the 
number of inputs until the design fits. 12 


5.4.2.3 Product During the fitting process, equations are divided into 
Term Distribution, product terms, the number of available product terms is 
Error 610 verified, and placement is attempted. 


Each macrocell can implement four product terms. The 
MACH 110 can support equations with 12 product 
terms. The MACH 210 can implement equations with 
16 product terms. If the equation requires more than 
four product terms, the macrocell can borrow additional 
terms from adjacent neighbors, which is called 
product-term steering. 


12 Refer to discussion 5.4.2.7, in this chapter, for details about reducing the logic in a design. 
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It is also helpful to remove a signal which is the sole 
user of a device input. This eliminates the need to 
bring that input into the device, freeing up internal 
routing resources. 


9.4.3 USING DIFFERENT 
FITTING OPTIONS 


5-42 


You may be able to remedy a no-fit situation by using 
different MACH fiting options during compilation. See 
the discussion on the MACH Fitter in the PALASM 4 
Release Notes that accompanies your software. 
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Recovery 


The device-resource checks table shows the total 
number of product terms available in the device, the 
total number of product terms in the design, and the 
number of four-product-term clusters remaining. 


Product terms are allocated in clusters of four. As a 
result there may be zero product terms available even if 
the total number in your design is less than the total 
number in the device. For example, an equation with 
six product terms requires resources from two 
macrocells. The first macrocell is used to implement 
four product terms and the second implements the 
remaining two. This leaves two product terms in the 
second cell that can not be used by another equation. 


The tabular signals table shows the signal type and 
number of product terms for each signal in the design. 
In this case you must do the following for each signal. 
Divide the number of product terms by four to 
determine the number of adjacent macrocells needed to 
implement the equation using product-term steering. 


important: Buried nodes are processed last in the 
fitting process and are most likely to be affected by 
fragmented product-term resources. 


There are several possible recovery procedures. 


Change preplacement locations. Check to see if you 
specified locations for any of the signals reported with 
this message. In this case, try the strategies below. 


¢« Change specific locations in the design and spread 
out large equations leaving adjacent macrocells 
empty. Do not place large equations in end-cell 
locations. 13 


13 Refer to 5.3.3, in this chapter, for details about assigning pin and node locations. 
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5.6 CHANGES 
AFTER SUCCESS- 
FUL FITTING 
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It may be desirable to make a change to a design 
following a successfu! fit. For example, you may want 
to change the pin out to accommodate a new design 
requirement. Making changes to the design after a 
successful fit may result in a no fit situation. However, 
there are techniques you can use to make changes to 
the design without causing these problems. 


See the MACH Technical Brief titled "Designing for 
Change with MACH Devices" for suggestions on how to 
modify a design file so that circuit revisions do not 
impact fitting or alter device pinouts. 


May 1992 


Simplify the logic to reduce the number of product 
terms. This may involve logic optimization, changing 
the architecture of your design, or removing some of 
the logic. 14 


Design Example A design with a large number of product terms 
produces this error. After compilation, the MACH report 
indicates a product-term distribution error and lists the 
equations that could not be placed for this reason. 


|> ERROR F610 — Product Term distribution — No feasible solution! 


Explanation: 

The particular distribution of user product terms is incompatible 

with the PT resources and connection limits of the product term allocator. 
Try to redistribute logic between blocks and/or simplify equation terms. 
(See online documentation for additional explanation & recovery actions.) 


Try Using Expand Product Term Option 


The following statements in the MACH report indicate 
that the 77% overail device utilization is above the 70% 
guideline but might still fit if there are no other 
parameters near their limits. 


The utilization section of the report shows high product- 
term utilization at 100 percent. In addition, the 0 under 
remaining product terms indicates that all four-product- 
term clusters are used. 


14 Refer to discussion 5.4.2.7, in this chapter, for details about reducing the logic in a design. 
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*** Device Resource Checks 


Available Remaining 
Clocks: 2 
Pins: 8 
I/O Macro: 21 
Total Macro: 40 
Product Terms: 


MACH-PLD Resource Checks OK! 


The tabular signal information, below, indicates each 
signal reported within the product-term distribution error 
is a buried node. These signals all contain more than 
four product terms so they require resources from more 
than one macrocell. 


*** Signals — Tabular Information 


Signal ## =60©P/N HC Loc) Type Logic 
S01 0 Pa a buried comb 


S02 Pa ae buried comb 
$03 ti buried comb 
S11 ets buried comb 
$12 ae buried comb 
$13 ee buried comb 


There are several possible solutions to produce a fit for 
this design. First, you can check for improper 
preplacement of signals. In this case, however, all 
signals are designated as floating in the PDS file. 


Next, you can re-run the fitting process with different 
sets of options. Although, in this case, running all 
combinations until the first fit still results in a no fit. 
Changing block assignment using the Group statement 
with the MACH_SEG_ block reserved word as a name 
also fails to produce a fit. 


Further analysis of the PDS file, shown next, reveals 
that many equations share groups of product terms. 

For example, S11 and C11 share the same product 

terms described in the String C10 statement. 
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STRING C10 *((A1 * BO * K1) + (Al * BO * SO1) + (K1 * SO1))' 


$11 (Al * Bl) * C10 * S02 
(Al * Bl) * /C10 * /S02 
/(Al * B1) * /C10 * S02 


/(Al * Bl) * C10 * /S02 


+ 
+ 
+ 


(Al * Bl) * C10 
(Al * Bl) * S02 
C10 * S02 


+ + Il 


5.4.2.4 Not All Input 
Signals Were 
Connected, Error 
F600 


interpreting the Report 


If you create a node that implements the shared 
product terms and use it in both equations you can 
reduce the number of product terms in the design. This 
reduction causes additional propagation delay for the 
equations using the node output. You can create eight 
nodes to implement shared groups of product terms 
and rerun the fitting process with successful results. 


In the last phase of the resource allocation process, 
after all equations are placed, the input signals are 
assigned to specific locations. These signals can be 
placed in any of the following locations. 


¢ Dedicated input pads 

¢ Cells associated with buried logic nodes 

e Unused macrocells 

¢ Macrocells whose product terms are allocated to 
other logic equations 


If the fitting process is unable to find locations and 
connection resources for all inputs, the above error is 
output. The numbers following this message indicate 
the number of unplaced signals and unrouted 
connections. 


Two sections of the MACH report contain information 
you can use to determine manual block placement 
strategies to minimize the number of blocks driven by 
each input. 
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¢ The tabular signals table shows the blocks driven 
by each input. 


¢ The signal equations table shows the fanout list for 
each input in your design. 


Recovery There are two possible recovery procedures. 


Use manual block assignment to minimize the 
number of different blocks the input signals need to 
drive. This reduces the number of connections needed 
and may result in a successful fit. 


Removing logic equations provides additional 
locations for inputs to be placed and frees switch-matrix 
resources. 


Design Example An example of a design that fails this way is a 16-bit 
preloadable counter followed by a 16-bit multiplexer in a 
Mach 110 device. In this design, a SELECT signal 
controls the output of the MUX. When the SELECT 
signal is low, the output of the MUX contains the output 
of the counter. When the SELECT signal is high, the 
output of the MUX contains the preload input. 


The design I/O consists of the following. The location 
of all pins and nodes are left floating. 


¢ 16 preload inputs 

e Four control inputs 

¢ One clock input 

¢ 16 counter outputs assigned to buried nodes 
¢ 16 multiplexer outputs assigned to pins. 


When you run this design through the fitter, the output 
report contains an error message indicating it was not 
able to place and connect all the inputs successfully. 
The list of signals shows that it failed to place all the 
preload inputs except one. Each of the 15 unplaced 
signals has a fanout of two, which results in 30 no 
connects as indicated in the error message. 
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|> ERROR F600 —- Not all input signals were connected! (signals=15/nc=30) 


Explanation: 

All possible pads that could host inputs have been tried for these signals 
with no success in making necessary connections through the Switch Matrix. 
You need to reduce the amount of logic contained within the design or 
redistribute functions between logic blocks to alter the connections needed. 
(See online documentation for additional explanation & recovery actions.) 


The utilization section of the MACH report shows that 
the pin and macrocell utilizations are high while the 
product-term utilizations are acceptable. 


Remaining 
Clocks: 1 
Pins: l 


I/O Macro: 
Total Macro: 
Product Terms: 


This design uses all 32 available macrocells. 16 are 
used for I/O and 16 for buried nodes. 


The fitting process can place input signals in any empty 
macrocell or in macrocells used for buried nodes. In 
addition, the device contains dedicated locations for 
input signals. In this design there are no empty macro- 
cells; 16 are used for buried nodes. These 16, together 
with the six dedicated inputs, result in a total of 22 
possible locations for input signals. 


The design uses 21 inputs, which makes it difficult for 
the fitter to place them all using default fitting options. 


Analysis of the block assignments, shown below, 
indicates the fitter has done a good job of partitioning 
by placing all logic associated with the low order bits in 
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block A and high order bits in block B. In this report, QO 
through Q15 are the counter outputs and O0 through 
O15 are the multiplexer outputs. 


*kk Block Signal List 


Block-—> A 


Block-—> B 


Analysis of the logic map, shown next, reveals the six 
inputs that were placed used the dedicated input 
locations. In addition, the multiplexer output equations 
were placed in adjacent locations. The locations that 
remain for inputs apparently do not contain sufficient 
interconnect resources to implement required logic. 


*** Logic Map — COUNTER FOLLOWED BY MULTIPLEXER 


Gb] Inp .--. 1/0 
LOAD| 0| 
SELECT| 1| 
UP| 2| 
COUNT] 3] 


15] 4| 
CLK1| 5| 


& W MPM PMP PMP PO PO Po Po 


4 
*——+-u--ut——" 


To recover from this error, you can try using different 
fitting options: Run until first success, for example. 
some of these options force the fitter to leave empty 
locations between macrocells when it places multi- 
plexer outputs. This provides a greater range of 
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5.4.2.5 Connection 
Problem (Wiring 
Congested), Error 
F590 


Interpreting the Report 


Recovery 


Design Example 


15 
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choices when placing the inputs and potentially leads to 
a successful fit. 


The MACH report indicates the fitter found a successful 
placement using the Expand small PT spacing and 
Maximize packing of logic block options. 


The routing resources to make connections for 
feedback signals are finite. This message indicates 
one of the required connections is blocked by 
previously routed signals. 


The information in the utilization segment of the MACH 
report does not show interconnection resource 
utilization. You deduce an indication of heavy 
congestion in the wiring channels by observing a large 
number of product terms and a large demand for pins. 


Float all signals. If you preplaced any pins or nodes 
rerun the fitting process with all signals floating. 


Try different fitting process options. Use the Run to 
first fit option to try all combinations. 


Reducing the complexity of the logic in your design 
reduces the number of connections needed to 
implement your design. !> 


The following MACH 110 device 13-bit up/down 
preloadable counter is an example of a design that fails 
this way. The design I/O consists of the following 
elements. 


¢ 13 preload inputs 
e« Three control inputs 
e One clock input 


Refer to discussion 5.4.2.7, in this chapter, for details about reducing the logic in a design. 


5-51 


e 13 counter outputs 


The counter outputs are assigned to pins; the 
location of each pin is left floating. 


In a standard 13-bit binary counter, the output of each 
flip-flop drives the inputs to all of the higher-order bits. 
As a result, the product terms that feed the high-order 
bits have a large number of inputs. 


When the counter is partitioned for the Mach 110 
device, some of the bits are placed in block A and some 
are placed in block B. This results in a large number of 
inputs to both blocks and a large number of intercon- 
nections between blocks that causes fitting to fail with 
the error message shown next. 


|> ERROR F590 — Connection problem (Wiring Congested) - Q10 


Explanation: 

The interconnect switch matrix is unable to provide a needed 

connection at this point. (It was allocated to some other variable.) 

You need to reduce the amount of logic contained within the design. 

(See online documentation for additional explanation & recovery actions.) 


In addition, the fitter cannot connect all the inputs as 
indicated by error message 600. 


wkkkkkkkek ea kkk ke ae 


|> ERROR F600 — Not all input signals were connected! (signals=15/nc=30) 


Explanation: 


All possible pads that could host inputs have been tried for these signals 
with no success in making necessary connections through the Switch Matrix. 


You need to reduce the amount of logic contained within the design or 
redistribute functions between logic blocks to alter the connections needed. 
(See online documentation for additional explanation & recovery actions.) 
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*** Device Resource Checks 


Available 
Clocks: 2 
Pins: 38 
I/0 Macro: 32 
Total Macro: 32 


Product Terms: 128 
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These messages often occur together since the fitter 
places and connects inputs after all other signals. If 
logic feedback uses a high percentage of internal 
routing resources there is little left for input signals. 


Analysis of the utilization section of the MACH report, 
shown next, indicates macrocell and product-term 
utilization are acceptable. This confirms the root of the 
problem is high demand for internal routing. 


Used Remaining 
1 1 
36 2 -> 94% 
16 16 
18 14 
65 56 -> 56% 


There are several possible strategies to fit this design. 
First, first look at signal preplacement in the PDS file. 
In this design, all signals are floating. Had any signals 
been preplaced, you could re-fit using the Force all 
signals to float option on the MACH Fitting Options 
form. 


Force all signals to float? > 


Next, try re-fitting using different options. 


When compiling Run all until first success 


In this case, however, the Run all until first success 
option fails to produce a fit. When this occurs, the next 
step is to try a manual partitioning solution. Interblock 
connections can be improved by manually grouping the 
low-order bits in block A and the high-order bits in block 
B. Although, for this particular design, fitting with this 
grouping still results in a no fit situation. 
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To get this circuit to fit, you must redesign the logic to 
reduce the number of interconnections between the 
blocks. This can be accomplished by dividing the 
counter into two smaller counters that are cascaded 
with a carry signal. You manually place one of the 
counters in block A and the other in block B using 
Group statements with the MACH_SEG_block reserved 
word as a name. 16 


After updating the design logic, you only have to route 
one Carry signal instead of routing all the low-order 
counter outputs to block B. This significantly reduces 
the number of interconnections between blocks. Then 
compile the updated design using the Run all until first 
success option on the MACH Fitting Options form. 


The MACH report indicates fitting was successful using 
the Maximum packing of logic blocks and Expand small 
PT spacing options. 


Important: This modification does affect circuit perfor- 
mance by adding an additional pass through the array. 
Analysis of the logic shows the low-order bit is the only 
signal to change on every clock cycle. You can recover 
the lost performance by removing the low-order bit from 
the carry logic and routing it to block B. 


This results in one additional interblock connection but 
does not cause the fitting process to fail. 


5.4.2.6 Mapping This message indicates the resource-allocation process 
Difficulty - No has failed to find a feasible mapping solution for a 
Feasible Solution, signal. There are several possible recovery 

Error F620 procedures. 


Float all signals. If you preplaced any pins or nodes 
rerun the fitting process with all signals floating. 


16 Refer to Section IV, Chapter 10, for details about using MACH_SEG_ block. 
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5.4.2.7 Procedures 
For Reducing Logic 
Complexity 


February 1991 


CHAPTER 5, COMPILATION / FITTING 


Force all signals to float? Y 


Try different fitting process options. Use the following 
option on the MACH Fitting Options form to try all 
combinations. 


When compiling Run all until first success 


Reducing the complexity of the logic in your design 
reduces the number of internal connections the fitting 
software must use to implement the design. 


The final recovery action for fitting process errors is to 
reduce the complexity of the logic in your design. This 
discussion provides guidelines on how to proceed if this 
becomes necessary. 


Enable logic minimization by turning minimization on to 
reduce the number of product terms and input signals 
for each function. 


Selecting a flip-flop optimization option using the 
Logic Synthesis Options form can also reduce the 
complexity of your logic, especially for counter 
functions. 


Remove Logic Equations: The weakly segment 
within the block-partitioning section of the MACH report 
contains information on the last signals to be placed in 
blocks. This is a sequential list. 


The first line contains signals with a weak affinity to 
other equations in the block. This means they share 
few common inputs. The second line contains signals 
with no affinity. These signals are placed arbitrarily into 
blocks with sufficient resources. If you need to remove 
logic from the design to achieve a fit, this information 
can help you determine which signals to remove. Start 
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at the end of the list and remove signals until the 
design fits successfully. 


It is also helpful to remove a signal which is the sole 
user of a device input. This eliminates the need to 
bring that input into the device, freeing up internal 
routing resources. 


5.4.3 USING You may be able to correct a no-fit situation by using 
DIFFERENT FITTING different MACH fitting options during compilation. 
OPTIONS Review the information discussed under 5.3.5 to see 


how the logic in the design relates to certain options, 
then use these options accordingly: Use automatic 
gate splitting, Maximize packing of logic blocks, Expand 
small PT spacing, or Expand all PT spacing. 


¢ If you are not sure about the logic or if the design 
contains a mix of different logic types, try the option 
below on the MACH Fitting Options form. 


While compiling Run all until first success 


¢ If the MACH report contains the error message 
about unplaced elements, try the option below on 
the MACH Fitting Options form, as described under 
5.3.5.2. 


While compiling Select one combination 


Expand all PT spacing Y 
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5.4.4 CHOOSING A 
LARGER MACH 
DEVICE 


February 1991 


When the device utilization section of the MACH report 
contains errors due to lack of available resources or if 
you cannot get the design to fit using the techniques 
described above, you may have to switch to a larger 
MACH device. Review the utilization guidelines under 
5.3.2 to determine which MACH device is appropriate 
for your application. 


To switch to a larger MACH device in a schematic- 
based deign, you must change the Device = field in the 
schematic control file. In a text-based design, you must 
change the Device = field in the PDS file. 
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5.5 CHANGES It may be desirable to make a change to a design 

AFTER SUCCESS: following a successful fit. For example, you may want 

FUL FITTING to change the pin out to accommodate a new design 
requirement. Making changes to the design after a 
successful fit may result in a no fit situation. However, 
there are techniques you can use to make changes to 
the design without causing these problems. 


5.5.1 CHANGING After achieving a fit with all pins floating you may want 

THE PIN OUT to make changes to the pin out to get a more desirable 
signal order. You can make the following changes to 
the pin order of a successful fit without causing fitting 
problems. To implement these changes, you can back 
annotate the PDS file to include signal placements from 
the last successful fitting process, then edit the updated 
PDS file.17 


You can exchange individual inputs that drive the 
same block. In this case, you can swap the locations of 
any two inputs that drive the same block or set of 
blocks without affecting the fitting success. 


You can exchange any two outputs placed within the 
same block as long as they have the same product- 
term requirements. To determine if two outputs in the 
same block can be swapped, you must calculate the 
number of four product-term clusters used by the 
equation. To do this, you locate the two signals in the 
tabular signals section of the MACH report and divide 
the number of product terms by four. Any fractional 
result should be increased to the next highest number. 


For example, an equation with eight product terms uses 


two clusters. An equation with nine product terms uses 
three clusters. 


17 Refer to Section IV, Chapter 9, for details about back annotating signals. 
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5.5.2 CHANGING 
LOGIC 
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If two outputs in the same block use the same number 
of product-term clusters their locations can be swapped 
without affecting fitting results. Swapping inputs or 
outputs that do not follow this guideline may result in a 
no fit situation. 


After achieving a successful fit you can make the 
following changes to the logic without affecting fitting 
results. 


You can add a product term to an equation as long as it 
meets the following criteria. 


e It does not cause the equation to cross a four 
cluster boundary. 


e  |t uses inputs that are already used elsewhere in the 
block. 


For example consider the following equations that have 
been placed in block A, where B through H are primary 
inputs to the device. 


X = B+C+D+E+F+G 


Y = G+H 


The following change to equation X will not change the 
pin out or risk a no fit. 


X = B+C+D+E+F+G+H 


The original equation for X contains six product terms. 
As a result, it has been allocated two clusters or eight 
product terms. This leaves two unused product terms 
that are available for future changes. Adding product- 
term H does not cross the two cluster boundary and 
therefore does not require additional product-term 
resources. 


The equation for Y already contains the input signal H. 
Since equation Y is in block A, input H has been 
successfully routed and is available to all the 
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macrocells in the block. Adding this input to X does not 
require any additional routing resources. 


« lf the change to X had increased the number of 
product terms from six to nine, additional resources 
would have been required. 


¢ |f the change to X had added an input that was not 
already used in the block, additional routing 
resources would be required. 


In either case the pin out may have changed or a not fit 
situation may have resulted. 


¢ If the changes to the logic meet the above 
guidelines, you can preserve the pin out generated 


from a successful placement by using the back 
annotate signals command.'® 


Refer to Section IV, Chapter 9, for more information on placement back annotation. 
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SIMULATION 


This chapter describes the features of the PALASM 4 
simulator and provides a Boolean equation and state- 
machine design example to illustrate simulation 
concepts. The chapter is divided into five major 
discussions. 


¢ Discussion 6.1 presents an overview of the 
PALASM 4 simulation process. 


¢ Discussion 6.2 presents a summary of the 
simulation keywords and considerations for 
simulating a design." 


¢ Discussion 6.3 provides general information about 
viewing simulation results. 


« Discussion 6.4 provides general information about 
using the FOR, WHILE, and IF-THEN-ELSE 
simulation constructs. 


¢ Discussion 6.5 presents a Boolean equation and a 
state-machine design example to illustrate the 
simulator’s features. 


1 Refer to Section IV, Chapter 10, for details on the command syntax and device support. 
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6.1 OVERVIEW 
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The PALASM 4 simulator allows you to perform 
functional verification of all PLD designs, including 
those for a MACH-device. You define simulation 
commands in either the simulation segment of the PDS 
file or in an auxiliary simulation file. 


After entering the simulation commands, you simulate 
the design and view the results in either a graphical 
waveform or text format. 


Note: Because the PALASM 4 simulator performs 
functional verification, additional delays induced by 


looping back through an array are not reflected in the 
simulation results. 
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6.2 CREATING A You create a simulation file to specify a sequence of 

SIMULATION FILE simulator input commands. A command is comprised 
of a keyword and a list of parameters. This discussion 
provides a summary of the simulation keywords, 
information about the simulation segment and auxiliary 
file, and considerations for simulating a design. 


6.2.1 SIMULATION 
COMMAND SUMMARY 


The following keywords are provided with the 
PALASM 4 simulator. Included here is a brief 
summary of each command.@ In the following 
examples, O01, O2, O3, and O4 are pin names;Q0 and 
Q1 are register output names; and PLAYING is a state 
name. 


Note: The Boolean equation and state-machine 


designs provided in discussion 6.5 exemplify the use of 
many of these commands. 


CHECK Use this keyword to verify that values at the pin are 
equal to expected values. For example: 


CHECK O1 /O02 403 %04 PLAYING 


CHECKQ Use this keyword to verify that values at the register 
outputs are equal to expected values. For example: 


CHECKQ Q0 /Q1 PLAYING 


FOR LOOP Use this construct to perform a task a specified number 
of times.° 


Refer to Section IV, Chapter 10, for a thorough explanation of each keyword,. 


Refer to discussion 6.4.1 for an example of a FOR loop. 
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IF-THEN-ELSE Use this construct to test a condition and then perform 
one of two tasks, depending on the test results.4 


PRELOAD Use this keyword to load specified values into the 
register outputs. For example: 


PRELOAD Q0 /Q1 PLAYING 


PRLDF This keyword is only used with a few devices.> PRLDF 
loads specified values at the pins. For example: 
PRLDF O1 \02 
SETF Use this keyword to assign specific values to inputs 


during simulation. For example: 


SETF IN1 /OE 


SIMULATION Use this keyword at the beginning of each simulation 
segment or auxiliary simulation file. 


TEST This keyword is only applicable for MACH device 
designs. TEST checks values at the register outputs. 
This keyword also creates a "T" vector in the JEDEC 
file, per standard 3B, and flags discrepancies between 
specified values and expected results. For example: 


TEST QO /Q1 PLAY 


TRACE_OFF Use this keyword to end a simulation section being 
traced by the TRACE_ON keyword. For example: 


4 Refer to discussion 6.4.3 for an example of an IF-THEN-ELSE construct. 


S Refer to Section IV, Chapter 10, for details on simulation command syntax and device support. 
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TRACE_OFF 


TRACE_ON Use this keyword to define which signals to record in 
the trace file during simulation. For example: 


TRACE_ON IN1 IN2 01 CLOCK 


WHILE LOOP Use this construct when you cannot predetermine how 
many times to perform a task. The task will be 
performed while a condition is true.® 


6.2.2 SIMULATION You define the simulator input commands in either the 
SEGMENT VS. simulation segment of the PDS file or in a auxiliary 
AUXILIARY FILE simulation file. 


Note: In this chapter, the term simulation file is used to 
refer to either a simulation segment or an auxiliary 
simulation file. 


The simulation segment looks the same as the auxiliary 
file, except it is part of the aesign file, as shown next. 


6 Refer to discussion 6.4.2 for an example of a WHILE loop. 
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;PALASM Design Description 


SIMULATION 
TRACE_ON 
SETF 
CLOCKF 
CHECK 
CHECKQ 


TRACE_OFF 


SIMULATION 
TRACE_ON 
SETF 
CLOCKF 
CHECK 


CHECKQ 


TRACE_OFF 


INPUT CLOCK OUTPUT 


/CLOCK INPUT 
CLOCK 

OUTPUT 

/Q0 


INPUT CLOCK OUTPUT 


/CLOCK INPUT 
CLOCK 

OUTPUT 

/Q0 


;Specify signals for the trace output file 


sInitialize INPUT to logical 1, CLOCK to logical 0 
sApply a full clock cycle to CLOCK. 

;sVerify that the output pin is at logical l 
sVerify that the QO register is at logical 0 


;Turn tracing off 


The auxiliary simulation file is a stand-alone file that 
must be in the same directory as the design; the file 
name should match the name of the design file and 
include a .SIM extension. An example of an auxiliary 
simulation file is shown below. 


;Specify signals for the trace output file 


sInitialize INPUT to logical 1, CLOCK to logical 0 


sApply a full clock cycle to CLOCK. 
;Verify that the output pin is at logical 1 
sVerify that the QO register is at logical 0 


;Turn tracing off 


Depending on the working environment you've set up, a 
message asks if you are using an auxiliary simulation 
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6.2.3 CONSID- 
ERATIONS 


file, either on demand or automatically when you 
simulate.” 


An auxiliary simulation file is the best choice when you 
enter a schematic-based design.® In this case, a PDS 
file is created from schematic data; however, it does 
not include simulation data. Creating an auxiliary 
simulation file is useful because it is not erased each 
time a new PDS file is generated, and therefore 
provides a permanent medium for the simulator input 
data. 


It is also important to use an auxiliary simulation file 
when you merge PDS files. In this case, the resulting 
design file contains a blank simulation segment. You 
can create the auxiliary file before or after the merge 
process because the auxiliary file is not over written. 


The following discussions provide general 
considerations for simulating a design. 


¢ 6.2.3.1, Flip-Flops 

¢ 6.2.3.2, Internal Nodes 

° 6.2.3.3, Latches 

¢ 6.2.3.4, Output Enable 

¢ 6.2.3.5, Preloaded Registers 

° 6.2.3.6, Verified Signal Values 


Refer to Section IV, Chapter 9, for details about using the Setup command on the file menu to 


define working-environment preferences. 
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Schematic entry is available for MACH-device designs only. 


6.2.3.1 Flip-Flops Flip-flops are automatically reset at the start of a 
simulation. You can set the output state of any flip-flop 
during simulation by using the PRELOAD or PRLDF 
commands.2 


Flip-flops can be clocked with the CLOCKF command 
or with a series of SETF commands. 


Note: If you are not using the default clock, use SETF 
/<clock_name> to initialize the clock at the beginning of 
the simulation. Otherwise, the simulator reports a 

warning. 


Also: Do not change the value of the data at the same 
time you apply the rising edge of a flip-flop clock. The 
simulator will not clock the data, and the programmer- 
based JDC file will be affected. 


Finally: Do not apply a set and reset signal to a flip- 
flop simultaneously. This is simulated as an illegal 
State and results in an error message. 


6.2.3.2 Internal Internal nodes are treated as any other signal during 

Nodes simulation, but they are not included in the JEDEC 
output file. The logic states of internal nodes declared 
in the pin declarations segment are automatically 
displayed in the history file. The trace file displays only 
the signals specified with the TRACE_ON command. 


9 Refer to discussion 6.2.3.5, in this chapter, and the corresponding command entries in Section IV, 
Chapter 10, for more information. 
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6.2.3.3 Latches 


6.2.3.4 Output 
Enable 


6.2.3.5 Preloaded 
Registers 


The following illegal latch states will result in simulator 
error messages for an active-low latch. 


LATCH ENABLE Async. RESET ASYNC. PRESET 


1 1 1 
0 0 1 
0 1 0 
0 1 1 


The following illegal latch states will result in simulator 
error messages for an active-high latch. 


LATCH ENABLE ASYNC. RESET ASYNC. PRESET 


0 1 
1 0 
1 1 
1 1 


lf you did not write a pin statement for the output-enable 
pin, the simulator presumes the output pins to be 
enabled. 


lf you did write a pin statement for the output-enable 
pin, the simulator presumes the output pins to be 
disabled unless you explicitly set the output-enable pin 
active in the simulation file. 


You can preload a value into any register during a 
simulation session. In state-machine designs, this 
allows you to set the state bits as required to access 
any state directly.1° 


The PRELOAD command sets the Q output of the flip- 
flop to the specified value. The PRLDF command sets 


10 Refer to Section IV, Chapter 10, for details on the command syntax and device support. 
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6.2.3.6 Verified 
Signal Values 


the Q output of the flip-flop to whatever value produces 
the specified value at the pin. 


Note: Even if a device does not physically support 
the preload function, you can simulate the design as 


if it did. However, no test vectors are generated in 
this mode. 


There are three simulator commands that verify the 
logic states of signals: CHECK, CHECKQ, and 
TEST." 


The CHECK command verifies that the simulation 
result(s) at the pin correspond to your predictions of the 
design's behavior. If a discrepancy is detected, a 
question mark is inserted in the simulation history and 
trace files at the corresponding signal and vector, anda 
warning is issued in the execution-log file. 


The CHECKQ command verifies the value of a 
specified signal at the output of the register. This 
command is useful in state-machine and other designs 
where an inverter exists between the register and pin. 


The TEST command generates messages about 
conflicts just like CHECKQ. However, in addition to 
verifying the signal at the output of the register, it 
changes the simulation results to match the specified 
values and generates a vector in JEDEC using the new 
format defined in the JEDEC 3B standard. 


Note: TEST is only valid for MACH device designs. If 
this keyword is used for other types of designs, it is 
converted to a CHECKQ keyword during simulation. 


1 Refer to Section IV, Chapter 10, for details on the command syntax and device support. 
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6.3 VIEWING Once a simulation completes successfully, the results 


SIMULATION are stored in a history, and optionally, a trace file. You 
RESULTS can view the results in a text or graphical format. 
6.3.1 HISTORY FILE The history file shows the results for every pin and node 


defined in the pin list of the design. The polarity of each 
pin and node is displayed according to the definition in 
the pin list. You can view this file in a graphical or text 
format. 


Use the sequence View/Simulation Data.../History to 
view the text version of the history file. This display 
shows the status of all signals defined in the pin list 
using letters to represent various states. 


¢ H = high 
L = low 

¢ X = undefined 
Z = high impedance 
? = discrepancy 


An example of a history text display is shown below. 


WAVE: (c)ADVANCED MICRO DEVICES, 
PinName 

ge Cc 

1 LHHHLLL 


BL LLLHH? 
BLLLLLLL 
BLLLLLLL 
|BHHLHHLL 


Use the sequence View/Waveform Display.../History to 
view the waveform version of the history file. This 
sequence converts the ASCII characters into a 
graphical display similar to a timing diagram. An 
example of a history waveform display is shown next. 
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6.3.2 TRACE FILE 
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WAVE: (c)ADVANCED MICRO DEVICES, 
PinName 


Note: If the simulation file includes CHECK, CHECKQ, 
or TEST commands, discrepancies between a speci- 
fied value and the simulated value of a signal are 
flagged with a question mark, ?, at the location of the 
discrepancy. 


The trace file is only generated if the TRACE_ON 
command is included in the simulation file. This file 
shows results for the signals specified as parameters in 
the command. The polarity of each pin and node is 
displayed according to the definition in the TRACE_ON 
command. The trace file is useful for the following 
three situations. 


¢ If you do not want to display certain pins or nodes 
that are not relevant to a simulation session 


¢ — If you want to group signals by function, so they 
can be viewed on the same page of the display 


¢ If you want to reverse the polarity of output signals 
that are defined as active high, but have active-low 
equations 


You can view the trace file in a graphical or text format. 
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Use the sequence View/Simulation Data.../Trace to 
view the text version of the trace file. This sequence 
shows the status of all signals defined in the 
TRACE_ON command using letters to represent 
various states: 


¢ H = high 

e L = low 

¢ X = undefined 

¢ 2Z = highimpedance 
¢ ? = discrepancy 


An example of a trace text display is shown next. 


WAVE: (c)ADVANCED MICRO DEVICES, 
PinName 


ge Cc 
1B HHLHHLL 


1§ LHHHLLL 
168 LLLLHH ? 
BLLLLLLL 
BLLLLLLL 


Use the sequence View/Waveform Display.../Trace to 
view the waveform version of the trace file. This 
sequence converts the ASCII characters into a 
graphical display similar to a timing diagram. An 
example of a trace waveform display is shown below. 


(c)ADVANCED MICRO DEVICES, 


Note: If a forward slash, /, is used as part of a signal 
name in the TRACE_ON command line, the displayed 
value for that signal is inverted in the trace file. 


Also: If the simulation file includes CHECK, CHECKQ, 
or TEST commands, discrepancies between the 
specified value and the simulated value of a signal are 
flagged with a question mark, ?, at the location of the 
discrepancy. 
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6.4 USING 
SIMULATION 
CONSTRUCTS 


6.4.1 FOR LOOP 


SIMULATION 


SETF /OE /CLOCK COUNT 


FOR X:= 1 TO 9 DO 
BEGIN 


CLOCKF CLOCK 


END 


6.4.2 WHILE LOOP 


SIMULATION 


SETF /OE /CLOCK COUNT 


The PALASM 4 simulator provides the following 
constructs for developing loops and making decisions 
during a simulation session. !2 


The FOR loop is the most basic flow-of-control 
construct. It is ideal for applications in which you can 
predetermine how many times you must repeat a set of 
instructions, as illustrated below. 


When you cannot predetermine how many times to 
perform a task, you can use the WHILE loop to perform 
the task while some condition remains true, as 
illustrated below. 


WHILE ( /(BIT3 * /BIT2 * BIT1 * /BITO) ) DO 
BEGIN 
CLOCKF CLOCK 


END 


12 
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Refer to Section IV, Chapter 10, for details on the construct syntax. 
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6.4.3 IF-THEN-ELSE The IF-THEN-ELSE construct is for testing a condition 


and then performing one of two tasks, depending on the 
test results. The following example nests two IF-THEN- 
ELSE loops in a FOR loop. 


SIMULATION 


FOR I := 1 TO 16 DO 
BEGIN 
IF ( I <= 9 ) THEN ;If I is less than or equal to 9, enable count. 
BEGIN 
SETF CNT /RST 
CLOCKF CLOCK 
END 
ELSE 


IF ( I < 16 ) THEN ;If I is greater than 9 but less than 16, 
BEGIN ;continue with no count. 
SETF /CNT /RST 
CLOCKF CLOCK 
END 


ELSE ;If I is equal to 16, reset the state machine. 
BEGIN 


SETF RST 
CLOCKF CLOCK 
END 
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6.5 DESIGN The following discussions illustrate how to simulate a 

EXAMPLES Boolean 4-bit counter and a simple state-machine 
telephone answering device. The simulation 
commands are contained in auxiliary simulation files. 


6.5.1 BOOLEAN This discussion is based on simulating the basic 4-bit 
EQUATION DESIGN counter design shown below. 


CHIP —bentr MACH110 
PIN 2 QA REGISTERED 
PIN 35 CLOCK 
PIN 3 QB REGISTERED 
PIN 4 QC REGISTERED 
PIN 5 QD REGISTERED 

EQUATIONS 

QA.T = VCC 

.clkf = CLOCK 


CLOCK 


* QB 
CLOCK 


* QB * QA 
CLOCK 


To simulate this design, you can set up a FOR loop that 
clocks the counter 16 times, as illustrated in the 
auxiliary simulation file shown next. 
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SIMULATION 


TRACE_ON CLOCK QA QB QC QD ;Generate a trace file with the specified signals. 
SETF /CLOCK sInitialize the clock signal to a logical 0. 


FOR I:= 17016 D0 sClock the counter 16 times. This FOR loop 
BEGIN ;takes the place of 16 individual Clockf commands. 
CLOCKF CLOCK 
END 


TRACE_OFF ;Turn tracing off. 


The simulation results are recorded in a history and a 
trace file. You can view either of these files in a text or 
a graphical mode. The trace text and waveform results 
are shown in the following figures. 


Note: In the waveform display, the letters g and c 
indicate the occurrence of SETF and CLOCKF com- 
mands, respectively. 


(c)ADVANCED MICRO DEVICES, SANTA CLARA, CA 95054 WAVE1990 v0.10 


ge © © 6 16 <6 ©. © © © € es © .c 16 ‘fe 

1 HHL HHLHHLHHLHHLHHLHHLHHLHHLHHLHHLHHLHHLHHLHHLHHL 
18 LHHHLL_LHHHLLLHHHLLLHHHLLLHHHLLLHHHLLLHHHLLLHHHLL 
6 LL LLHHHHHHLLLLLLHHHHHHLLLLLLHHHHHHLLLLLLHHHHHHLL 
SLLLLLLLLLLHHHHHHHHHHHHLLLLLLLLLLLLHHHHHHHHHHHHLL 
§gLLLLLLLLLLLLLLLLLLLLLLHHHHHHHHHHHHHHHHHHHHHHHHLL 


<Tl><,Ctrl—.Ctrl—,PgUp,PgDn,Home,End> to scroll, <F2> to print <Esc> to exit. 
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(c)ADVANCED MICRO DEVICES, SANTA CLARA, CA 95054 WAVE1990 v0.10 


<Tl>-<—,Ctrl—,CtrI—,PgUp,PgDn,Home,End> to scroll, <F2> to print <Esc> to exit. 


lf you Know what the simulation results should be 
during any portion of the simulation session, you can 
use the CHECK, CHECKQ, or TEST commands to 
automatically flag discrepancies. The following 
simulation purposely checks for a wrong value. 


SIMULATION 

TRACE_ON CLOCK QA QB QC QD ;Generate a trace file with the specified signals. 
SETF /CLOCK ;Initialize the clock signal to logical 0. 

CLOCKF CLOCK ;Clock the counter to 0001. 

CLOCKF CLOCK ;Clock the counter to 0010. 

CHECK /QA /QB /QC /QD ;Check for 0000, this flags a discrepancy. 


TRACE_OFF ;Turn tracing off. 


The simulation results mark the location of the 
discrepancy with a question mark, as shown in the 
trace text and waveform figures on the next page. 


Note: In the waveform display, the letters g andc 


indicate the occurrence of SETF and CLOCKF 
commands, respectively. 
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WAVE: (c)ADVANCED MICRO DEVICES, 


PinName 


7 ge Cc 

CLOCK 'BHHLHHLL 
1B LHHHLLL 
13 LL LLHH? 
BLLULLLLL 
BLLLLLLL 


WAVE: (c)ADVANCED MICRO DEVICES, 
PinName 


CLOCK 


6.5.2 STATE- The following state-machine design represents a 

MACHINE DESIGN simple telephone answering device. This is a Moore 
machine with three states: WAITING, PLAYING, and 
RECORDING. 
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CHIP _ANSWER MACH110 


PIN CLOCK COMBINATORIAL ; INPUT 
PIN DIALTONE COMBINATORIAL ; INPUT 
PIN RING COMBINATORIAL ; INPUT 
PIN ENDGREETING COMBINATORIAL ; INPUT 
PIN ENDMESSAGE COMBINATORIAL ; INPUT 
PIN ANSWER REGISTERED ; OUTPUTS 
PIN PLAY REGISTERED ; OUTPUTS 
PIN RECORD REGISTERED ; OUTPUTS 


STATE 

CLKF = CLOCK 

MOORE_MACHINE 

START_UP := POWER_UP -—> WAITING 


WAITING := BEGINPLAY PLAYING 
IDLE WAITING 

PLAYING := BEGINRECORD RECORDING 
RUNPLAYER PLAYING 
HANGUP WAITING 

RECORDING := DONE WAITING 
RUNRECORDER RECORDING 


WAITING /ANSWER * /PLAY * /RECORD 
PLAYING ANSWER * PLAY * /RECORD 
RECORDING ANSWER * /PLAY * RECORD 


CONDITIONS 

IDLE = /RING 

HANGUP = DIALTONE 

BEGINPLAY = RING 

RUNPLAYER = /ENDGREETING * /DIALTONE 
BEGINRECORD = ENDGREETING * /DIALTONE 
RUNRECORDER = /ENDMESSAGE * /DIALTONE 

DONE = ENDMESSAGE + _ DIALTONE 


The state machine can be represented by the following 
transition diagram on the next page. 


Note: Conditions are shown in parentheses. 
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/ENDGREETING*/DIALTONE 


(Run Player) DIALTONE 
(Hang Up) 


ENDGREETING*/DIALTONE 
(Begin Record) 


ENDMESSAGE*/DIALTONE RECORDING 
(Run Recorder) 101 ENDMESSAGE+DIALTONE 


(Done) 


The following simulation file transitions the state 
machine from WAITING to PLAYING to RECORDING 
and then back to PLAYING. 


Note: The Preload command is used to transition from 
RECORDING to PLAYING. 
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SIMULATION 


TRACE_ON CLOCK ANSWER PLAY RECORD RING DIALTONE ENDGREETING ENDMESSAGE 
SETF /CLOCK /RING /ENDGREETING /ENDMESSAGE /DIALTONE 
CHECK WAITING ;Verify WAITING state. 


SETF RING 
CLOCKF CLOCK ;Transition to PLAYING. 
CHECK PLAYING ;sVerify PLAYING state. 


SETF ENDGREETING /RING 
CLOCKF CLOCK ;Transition to RECORDING. 
CHECK RECORDING ;Verify RECORDING state. 


SETF /ENDGREETING 
PRELOAD PLAYING ;Preload the PLAYING state. 
CHECK PLAYING ;Verify PLAYING state. 


SETF DIALTONE 
CLOCKF CLOCK ;Transition to WAITING. 
CHECK WAITING ;Verify WAITING state. 


TRACE_OFF sTurn tracing off. 


The simulation results are shown below. 


Note: In the graphical- and text-format displays, the 
letters g, Cc, and p are used to indicate the occur- 


rence of SETF, CLOCKF, and PRELOAD commands, 
respectively. 
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WAVE: (c)ADVANCED MICRO DEVICES, SANTA 


RECORD 


RING 


DIALTONE 


ENDGREETING 


ENDMESSAGE 
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PREFACE 


This workbook presents three MACH™ design 
applications to help you gain an understanding of how 
to successfully compile MACH device designs. 


Each design is presented in a separate chapter, as 
follows. 


¢« Chapter 1 uses an 8-bit barrel shift-register 
design to illustrate potential problems associated 
with a circuit that has a large number of 
interconnects. 


¢ Chapter 2 uses a 16-bit counter with a MUX to 
demonstrate considerations and tradeoffs 
associated with circuits that make heavy use of 
device resources. 


« Chapter 3 uses a Universal Asynchronous 
Receiver/Transmitter (UART) design to show 
how grouping signals that share common 
resources can lead to a successful fit. 


Note: The designs in this workbook have been 
implemented using the PALASM® 4 software; they 
have not been implemented in hardware. 
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Each chapter is organized as follows. 


+ A brief introduction is followed by a description of 
the specific MACH-device design and its device- 
resource requirements. 


« The steps to set up your working environment 
and compile and fit the design are provided so 
you can complete them at the workstation. 


Note: These steps are the same in each 
scenario; only path and file names differ. 


¢« An interpretation of the initial MACH fitting 
report! explores problem areas and discusses 
Strategies and tradeoffs to improve results. 


« The steps to specify the design are provided for 
you to complete at the workstation. 

Note: These steps differ in each scenario due to 
roblems. 


differences in designs and fittin 


« Adiscussion of the subsequent MACH fitting 
report follows the second process. 


Note: Additional strategies may add steps and 
discussions. 


1 Refer to the PALASM 4 User's Manual, Section II, Chapter 5, for additional details about the 
MACH report. 
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Numbered discussions within each scenario provide 
tutorial steps you can complete at the workstation. 
The right column explains what to do. Pertinent 
descriptions about what happens on the screen and 
discussions about specific options are provided. 


The left column beside each step identifies which key 
you must press, what you must type, or what you must 
select on the screen to take appropriate action. A 
prompt may appear with your response to help you 
track the process. 


The reader of this workbook is assumed to have a 
working knowledge of the following concepts, which are 
not included in this manual. 


¢ The design of programmable logic devices 


¢ The PALASM 4 software language syntax and 
design-entry procedures@ 


¢ MACH device architecture and performance 
characteristics? 


2 Refer to the PALASM 4 User's Manual, Section |, Chapter 2, which provides both text-based and 
schematic-based design-entry tutorials, and Section IV, Chapter 10, which provides language 


syntax. 


3 Refer to the High Density EE CMOS Programmable Logic MACH 1 and MACH 2 Families Data 


Book for details. 


vi 
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Note: Designs that require up to 70% of MACH- 
device resources can be achieved with very little effort. 
Certain designs in this workbook show that MACH- 


device utilizations of greater than 70% can be achieved 
using various combinations of language syntax and 
software fitting options. The degree of fit varies from 
design to design. 


Most abbreviations are those defined as standard by 
the IEEE. Abbreviations unique to the PALASM 4 
software and specific designs are defined at first use. 
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1 8-Bit BARREL SHIFT 
REGISTER: A DESIGN WITH 
NUMEROUS INTERCONNECTS 


The design in this example, an 8-bit barrel shift register, 
illustrates management of interconnects between 
subfunctions. Logic elements in this design share a 
large number of common inputs. 


The fitting process for MACH-device designs uses 
specific criteria to partition logic between blocks. One 
such criterion is affinity, which can be defined as the 
measure of common inputs shared by logic elements. 
Yet if all logic elements show a similar or equal affinity, 
that criteria cannot play a significant role in partitioning. 


The MACH report generated during the initial fitting 
process for this design provides insight to the fitting 
problem vis-a-vis circuit characteristics. Following 
report interpretation, you re-engineer the design and 
compile the updated version to produce a successful fit. 
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1.1 DESIGN 
DESCRIPTION 


All files related to this AMD-supplied design are stored 
in the directory noted below. A logic diagram follows. 


\PALASM\EXAMPLES\WB\BSR 
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When the load signal, LD, is asserted and the shift- 
enable signal, SE, is low the register is loaded with 
input data from DO through D7. Signals SO through S2 
define the amount by which outputs QO through Q7 are 
shifted: 0 results in no shift, 7 results in full rotation. 


The following table illustrates the resource 
requirements of the 8-bit barrel shift register and the 
resources available ina MACH 110 device. 


[Resource _|_DesiGN Requirements | MACH110 _ 


Clocks 1 2 
8 32 
80 128 
22 44 


Flip-flops 
Product terms 
Os 

Resource requirements can be a factor during the fitting 
process. However, the requirements for this design 
suggest it can easily fit in a MACH 110 device. 


This design was implemented using Boolean equations. 
Part of the PDS file is shown next. Each string 
statement at the end of the pin declarations segment 
defines a single name you can use repeatedly in later 
equations. For example, you can enter RL1 in 
equations rather than entering the information RL1 
represents. 


Equations in this design define, among other things, 
signal feedback. The equation for QO indicates this 
signal uses feedback from all eight outputs: QO through 
Q7. Each of these signals, and the design inputs, must 
be routed through the switch matrix. 
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CHIP BRL MACH110 


sdglstuce dcticco ete eseseansstactoee PIN Declarations: +s%iscséaeeen% 


PIN ? CLOCK 
PIN? DO 
PIN? D1 
PIN? D2 
PIN? D3 
PIN? D4 
PIN? DS 
PIN? D6 
PIN? D7 
PIN ? QO 
PIN? Q1 
PIN? Q2 
PIN? Q3 
PIN? Q4 
PIN? Q5 
PIN? Q6 
PIN? Q7 


PIN ? SO 


PIN ? Sl 


PIN ? S2 
PIN ? SE 
PIN ? LD 


STRING RL1 '/S2 
STRING RL2 '/S2 
STRING RL3 '/S2 
STRING RL4 ‘/S2 
STRING RL5 ' S2 
STRING RL6° S2 
STRING RL7° S2 * S1 * /SO * 
STRING RL8' S2 * S1* SO* 
poten cre eee eee eee eo ------------ Boolean Equation Segment 


REG 
REG 
REG 
REG 
REG 
REG 
REG 
REG 


EQUATIONS 

Q0 = DO * LD 
+ QO * /SE 
+ Q7 * RL1 
+ Q6 * RL2 
+ Q5 * RL3 
+ Q4* RL4 
+ Q3 * RLS 
+ Q2 * RL6 
+ QI * RL7 
+ QO * RL8 

continued ... 


* /S1 * /SO * 
*/S1* SO* 


* Sh * SO." 
*/S1 * /SO * 
*/S1* SO * 


SE' 
SE’ 
SE' 
SE’ 
SE' 
SE' 
SE’ 
SE’ 
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Q7 =D7* LD 
+ Q7 * /SE 
+ Q6 * RL1 
+ Q5 * RL2 
+ Q4* RL3 
+ Q3 * RL4 
+ Q2 * RLS 
+ QI] * RL6 
+ QO * RL7 
+ Q7 * RL8 


Q0.CLKF = CLOCK 
Q1.CLKF = CLOCK 
Q2.CLKF = CLOCK 
Q3.CLKF = CLOCK 
Q4.CLKF = CLOCK 
Q5.CLKF = CLOCK 
Q6.CLKF = CLOCK 
Q7.CLKF = CLOCK 


Q0.SETF = GND 
Q1.SETF = GND 
Q2.SETF = GND 
Q3.SETF = GND 
Q4.SETF = GND 
Q5.SETF = GND 
Q6.SETF = GND 
Q7.SETF = GND 


QO.RSTF = GND 
Q1.RSTF = GND 
Q2.RSTF = GND 
Q3.RSTF = GND 
Q4.RSTF = GND 
Q5.RSTF = GND 
Q6.RSTF = GND 
Q7.RSTF = GND 


poo ct ere tee cee vee ee ee eee e+ ------- Simulation Segment ------------ 


SIMULATION 


TRACE_ON LD SE S2 S1 SO CLOCK Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7 
SETF /CLOCK /SE /SO /S1 /S2 /DO /D1 /D2 /D3 /D4 /D5 /D6 /D7 /LD 
CLOCKF CLOCK 

SETF DO LD 

CLOCKF CLOCK 

SETF /LD 

CLOCKF CLOCK 
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1.2 COMPILE THE 
DESIGN 


1.2.1 SETUP 


Cr 
PALASM [Enter] 


Press any key ... 
[Space bar] 


Begin new design 
Retrieve existing design 


Merge design files 


C:\PALASM\EXAMPLES\ 
WBIBSR [F10] 


This discussion is divided into two procedures. 


¢ Setup 
¢ Compilation 


Note: If you have a good understanding of the 
PALASM 4 software, you can use the prompts and 
figures on the left side of this discussion to quickly 
advance to discussion 1.3. 


The following steps guide you as you retrieve the PDS 
file and verify setup options to ensure they are appro- 
priate to initially compile and fit this design. 

To begin from DOS, 


1. Type PALASM from the DOS prompt, then press 
[Enter] to run the software. 


2. Dismiss the copyright notice and continue. 


To retrieve the design, 


1. Select the Change directory command from the 
File menu. 


2. Type the path name shown below and confirm it. 


C:\PALAS M\EXAMPLES\WB\BSR 
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Merge design file 


[F2] 
T [Enter] 
BSR.PDS [F10] 


Begin new design 


Compilation options 
Simulation options 
Logic synthesis options 


February 1991 


3. Select Retrieve existing design from the File menu. 


4. Display the submenu, type the letter T to select 
Text, activate the file name field, type the name at 
left and confirm. 


The form on your screen should match the one below. 


Input format: TEXT 


File name: BSR.PDS 


To verify the setup, 
1. Select Set up from the File menu. 


A submenu opens offering four setup options. 


2. Select Working environment from the submenu. 


A form appears that identifies the following. 
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Editor program: C\PALASM\EXE\ED.EXE 

RS-232 communication program: C\PALASM\EXE\PC2.EXE 
Provide compile options on each run: Y 

Provide simulation options on each run: 

Display design information window: 


Y 
4 
Turn system bell on: N 
Generate netlist report: Y 


The third specification allows you to confirm compilation 
options immediately before the process begins. 


Important: If the third specification on your screen 
differs, change it as indicated in step 3. In any case, 
complete step 4. 


L 3. Type the letter Y to enable compile options each 
Provide compile options ... time you compile. 
Y 
[F10] 4. Confirm all specifications and dismiss the form by 
pressing [F10]. 


To verify the logic-synthesis setup, 


1. Select Logic synthesis options from the submenu. 
Working environment 


Compilation options The following form appears. 


Simulation options 
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LOGIC SYNTHESIS OPTIONS 


Use automatic pin/node pairing? Y 
Use automatic gate splitting? N ...if ’Y’, Max=4 


Optimize registers for D/T-type Best type for device 
Ensure polarity after minimization is Best for device 
Use ’IF-THEN-ELSE’,’CASE’ default as Don’t care 


The figure above shows the options that must be 
specified for the first compilation of this design. 


Use auto ... pairing? 2. Type the correct letter to enable automatic pairing 


Y 


and disable gate splitting. 


Use auto ... splitting? 


N 
Optimize registers ... 3. Display the list of options and type the letter B to 
[F2] select the Best ... options for register optimization 
B [Enter] and polarity specifications, respectively. 
Ensure polarity ... 
[F2] 
B [Enter] 
Use 'IF-THEN-ELSE’, ‘CASE’... 4. Display the list of options and type the letter D to 
[F2] select the Don't Care option for the language 
™ specification. 
[F10] 5. Confirm all specifications in the form. 
The form is dismissed, any changes are recorded, 
and the Set up submenu is again available. 
[Esc] 6. Dismiss the submenu. 


You're returned to the File menu; the Set up 
command remains highlighted. 
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1.2.2 COMPILATION Now that you've verified basic setup options, you 
compile the design and interpret the report. 


To begin, 


1. Select Compilation from the Run menu. 


The Compilation Options form appears listing 
various specifications. 


Other operations ... 


COMPILATION OPTIONS 
Log file name: BSR.LOG 
Run mode: AUTO 
Process from 
Format: TEXT File: BSR.PDS 


Check syntax: N Merge mixed mode: 
Expand Boolean: N Minimize Boolean: 
Expand state: N Assemble: 


The specifications in the lower half of the form are used 
only when a manual run mode is specified. For this 
design, automatic run mode is used. 


important: Be sure to complete the steps below to set 
the execution-log name and run mode. 


BSR.LOG [Enter] 2. Enter the execution-log file name shown at left. 


The Run mode field becomes active. 


[F2] 3. Display the options list and type the letter A to 
. select Automatic. 
[F 10] 4. Confirm specifications in the form. 


A new form appears showing the MACH fitting 
options to be used. 
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MACH FITTING OPTIONS 


OUTPUT: 
Report level Detailed 
SIGNAL PLACEMENT: 
Force all signals to float? Y 
Use placement data from Design file 
Save last successful placement <F3> 


Press <F9> to edit file containing Last sucessful placement 
FITTING OPTIONS: 

When compiling Select one combination 

Maximize packing of logic blocks? <N> 

Expand small PT spacing? <N> 

Expand all PT spacing? <N> 


Important: The specifications on your screen should 
match the previous figure. If they differ, complete steps 
5 through 8. In any event, complete steps 9 and 10. 


Report level 5. Display the list of options and type the letter D to 
[F2] select Detailed for the report option and confirm. 
D [Enter] 
Force all signals ... 6. Type the letter Y to force all signals to float during 
¥ compilation and confirm. 
Use placement ... 7. Display the list of options and type the letter D to 
[F2] select Design file as the placement-data option. 
D [Enter] [Enter] 
When compiling 8. Display fitting options, type the letter S to select 
[F2} one combination, type the letter N beside each 
: suboption, and confirm. 
N 
N [F10] 


Maximize packing of logic blocks? 


N 
Expand small PT spacing? N 
Expand all PT spacing? N 
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[F10] 


[Esc] 


elec ete. 0000.00 8 8 ee eee we. 
SRC RRS RC a 
Dee a es MOC CO OD 
OE a CO OI Rt SOD 


Execution log file 
Design file 


Scere hte Ss Saar etta 
CSCS RMN a -_ Sae e at h he e e 
BOOOOOOOOROOOOI 


9. Confirm all specifications. 

A window opens as the process begins. Upon 
completion, you see the fitting process was not 
successful. 

10. Dismiss the process window. 


To review the MACH report, 


1. Select the Reports command from the View menu. 


2. Select the Mach report command from the 
submenu, then scroll through the report. 


Tip: To print the report, you select the Other file 
command from the Edit menu, enter the name below, 
and print from the text editor as usual. 


BSR.RPT 
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1.3 INTERPRET This discussion is divided into three parts. 
INITIAL REPORT 


e — Interpretation 
¢ Problem Summary 
¢ Improvement Strategies 


1.3.1 INTERPRE- Discussions here show various segments of the MACH 
TATION report to explain what each reveals. 
1.3.1.1 Flags Used The flags-used portion of the report indicates which 
settings you specified on the MACH Fitting Options 
form. 
Flags Used: Unplace=True Max Packing=False 
Flags Used: Expand Small=False Expand All=False 


You forced all signals to float during compilation, and 
this set the flag: Unplace=True. Similarly, you disabled 
the logic-block packing and product-term expansion 
options. Those flags are set to False. 


Ordinarily, the pair analysis segment identifies errors 
caused by illegal pair declarations in pin and node 
statements. The preplacement segment identifies 
illegal and conflicting preplacement data. Neither the 
pair analysis nor the preplacement and equation-use 
segments are shown because no errors were reported 
for this circuit. 
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1.3.1.2 Timing The timing-analysis table, shown next, indicates various 

Analysis for Signals kinds of delays. Listed signals have the maximum 
delay, which specifies the number of passes through 
the array. No problems are revealed here. 


*** Timing Analysis for Signals 


Parameter Min Max Signal List (Those having Max delay.) 
Tsu 1 1 Q0 Ql Q2 
Q3 Q4 Q5 
Q6 Q7 
To 0 0 Q0 Ql Q2 
Q3 Q4 Q5 
Q6 Q7 
Ler 1 1 Ql Q2 OS 
Q4 OD Q6 
Q7 Q0 
Key: 
Tpd - Combinatorial propagation delay, input to output 
Tsu - Combinatorial setup delay before ciock 
Tco - Register clock to combinatorial output 
Tcr - Register thru combinatorial logic to setup 


All dela values are expressed in terms of arra 


1.3.1.3 Device- This table shows the resources available in the selected 

Resource Checks device, those required by the design, and the percent- 
age of resources used. You can see 57% of the pins 
and 74% of the product terms are used. This design's 
requirements are within the capacity of the MACH 110 
device. Again, no problems are revealed. 


xxx Device Resource Checks 


Available Remaining 
Clocks: 2 1 


Pins: 38 16 

I/O Macro: 32 24 

Total Macro: 32 24 

Product Terms: 128 32 
MACH-PLD Resource Checks OK! 
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1.3.1.4 Block This segment provides statistical information for each 

Partitioning block, such as the number of array inputs, 1/O and 
buried macros used, the number of product terms used, 
and signal fanouts. 


Signals with a weak affinity to other equations in the 
block, meaning the signals share few common inputs, 
are identified under the heading Weakly. However, 
such is not the case with this design, the heading 
stands alone with no accompanying information. 


As you can see in the block-partitioning results, the 
logic has been partitioned between the two MACH 
blocks in equal proportions. The block-signal list shows 
signals QO through Q3 were placed in block A and 
signals Q4 through Q7 were placed block B. 


-——------------ 


Partultioninag Desirom anto Blocks. 4. 


*** Last Equations Piaced in Blocks 
Weakly - 


*** Block Partitioning Results 


Array Macros # I/9 Buried Procuct Signal 

Enput <s Remain Macro Logic Terms Fanout 
Block-> A ae, 12 4 0 48 8 
Block-> B 17 iz 4 0 48 8 


ee Block Sian at. “List 


Block-> A Q3 


Block-> B Q7? 


All logic elements have equal affinity. This can cause 
the marginal partitioning warning shown in a later 
segment. Further information is provided under 
discussions on resource assignments and the feedback 
map. 


MACH DESIGN WORKBOOK 


February 1991 1-15 


1.3.1.5 Device This design requires an overall device-utilization of 
Utilization 68%. The MACH 110 device clearly has enough 
resources to accommodate this design. 


1.3.1.6 Assigning Errors in the resource-assignment segment, shown 
Resources next, indicate a connection problem based on wiring 
congestion. 


x**k*k Macro Block A 


I/O Macros> Ql 
Targets> 1( 3) 12 (18) 


Q0 (A 1) 
Ql (A 4) 
Q2 (A 9) 
Q3 (A 12) 


x*¥k Macro Block B 


I/O Macros> Q4 Q5 
Targets> 1(25) 4 (28) 9(37) 12(40) 


Q4 be es Q5 (B 4)? Q6 (B- 9)? 
Q7 IZ) 2 

Q4 1) -> Blocked -> Reshuffling SwMtrx 

Q0 (A 18) Moved. 

Q4 (A 1) (B 18) 

Q5 4) -> Blocked -> No Reshuffle Possible 


|> ERROR F590 - Connection problem (Wiring Congested) - Q5 
Q6 (B 9) -> Blocked -> Reshuffling SwMtrx 
Q2 -> (A 20) Moved. 
Q6 -> (A 9) (B 20) 
Q7 (B 12) -> Blocked -> No Reshuffle Possible 


|> ERROR F590 - Connection problem (Wiring Congested) - Q7 


Equal affinity increases the difficulty of dividing 
equations into device blocks during the fitting process. 
Question marks, ?, and messages in this segment 
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indicate several partitioning attempts. When you 
interpret this information with circuit characteristics and 
the warning at the end of the report, you see that 
marginal partitioning, while not inherently bad, is the 
probable cause. 


The inputs are routed when partitioning is finished. In 
this design, output signals were assigned to macros in 
close proximity to each other during partitioning. A 
number of input and feedback signals, required to 
generate the outputs, were not routed due to wiring 
congestion. Error F590 was issued to alert you to the 
fact there are no connection points available. 


1.3.1.7 Signals, The information in this table can be useful when you 
Tabular want to minimize inter-block connections. The following 
information is provided. 


¢« Signal names and corresponding pin numbers 
¢ Pin and node numbers 

¢  Macrocell block and cell location 

e Pin type 

¢ Logic type: D-type, T-type, Comb, etc. 

¢ Number of product terms used for outputs 

¢« The block(s) driven by each signal 


In this design, ten product terms are required for each 
Qx signal and all Qx signals must be routed through 
both blocks of the device. The question marks, ?, in the 
location field indicate that two signals, Q5 and Q7, are 
not placed. 
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*** Signals 


Signa 
CLOCK 
DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
Q0 
Ql 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
SO 
Sl 
S2 
SE 
LD 


- Tabular Information 
P/N # 


is 


PPP PR 
WHR OW DWAIDNHNHWNHP # 


ry 
Wa 


b+ fe p> pp 
ow Or IH WM 


RO NM RN 
MF Oo 


1.3.1.8 Signals, 
Equations 


35 
26 
28 
29 
31 
36 
38 
41 
43 


(Loc) 


aa 


wDrPrrierwwdwnwwduowwwy») 


w 


WH HW H 


Ty pe 
clock pin 
input 
input 
input 
input 
input 
lnput 
input 
input 
i/o pin 
i/o pin 
i/o pin 
i/o pin 
i/o pin 
i/o pin 
i/o pin 
i/o pin 
input 
input 
input 
input 
input 


The equations segment, shown next, provides a 
comprehensive list of source signals. The signals 
driven by each source appear in the fanout list. Block 


information is enclosed in braces. 


In the fanout list you can see each output, QO through 


Q7, drives all other outputs and itself. 


Though not the case with this design, output signals 
that are not fed back through the array would be listed 
as outputs with no feedback at the end of this segment. 
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Signal Source 


February 1991 


CLOCK 


DOS 
{A } 
D1: 
{A } 
D2: 
{A} 
D3 


Q0 
Q4 


Q0 

Ql 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 
Ql 
Q5 
Ql 
Q5 
Ql 
(Sys) 
Ql 
Q5 
Ql 
Q5 
Ql 
Q5 
Ql 
Q5 
Q1 
Q5 

MA 
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Fanout List 


Q2 
Q6 


Q2 
Q6 


Q2 
Q6 
Q2 


Q6 


Q2 
Q6 


Q2 
Q6 


Q2 
Q6 


Q2 
Q6 


o3 
Q7 


Q3 
Q7 


Q3 
Q7 
Q3 


OF 


Q3 
Q7 


Q3 
Q7 


O3 
Q7 


Q3 
Ow 
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1.3.1.9 Feedback The feedback map, shown next, graphically identifies 

Map how input and output signals are routed through the 
switch matrix to the array to drive other outputs. 
Macrocells are numbered within each block. 


*** Feedback Map - BARREL SHIFT REGISTER 


Gbl Inp .--. I/O ecto t--A--+t--. I/O I/O e--t+--B--t--. iy eS) 
Dis: sO] [21 { SE | O} t2i| SE 
Q4 : 1 120] Q2 OG: 7e Ae \20| Q6 
D2 : 2| {19{ S2 | 2| bb ol! 252 
be) ae ae | 118] Q0 | 3] [18] Q4 
Ql: 4] Joh) Sk 2 4 Pa o> Sk 
DO 2 3: | [16| SO | S| {16|] SQ 
| 6| [15 | | 6] {doo2 Ds4 
BD: | {14 | ED. FI {14 | 
| 8| 113 | Der 3s Be its “De 
a? | eee O2. 2 <o:| tig SOS 
1 -:0%| ;11 | 21°0)| fide hed 
‘-—-+-u--ut--' '~-+-u--ut+-—'! 


Q6 


Numbers on the feedback map correspond to 
macrocells in switch-matrix blocks. 


¢ The switch-matrix feeds the PAL arrays. 
¢ The PAL arrays feed macros through the logic 
allocator. 


The feedback map indicates that, as expected, outputs 
Q0 through Q4 and Q6, are feedback to drive signals in 
both blocks A and B. Feedback from outputs Q5 and 
Q7 could not be routed. You can review equations in 
the PDS file to determine which output signals are used 
as feedback. 
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1.3.1.10 Logic Map The logic map, shown next, indicates placement of the 
output signals in MACH blocks. All outputs shown 
require ten product terms; asterisks indicate product- 
term steering. Q5 and Q7 could not be placed due to 
routing congestion. 


Product terms (PTs) are used in clusters of four. Three 
clusters of four product terms each, or a total of 12 PTs, 
are required for a signal that requires ten product terms. 
In such cases, automatic product-term steering 
allocates terms from adjacent macrocells within the 
same MACH block. 


*** Logic Map - BARREL SHIFT REGISTER 


Gbl Inp .--. /O. ee eskeeaee:, TO I/O .--+--B--+--. I/0 
S0| 1 aa, 121 | at }21| 

Sh O00. Wh - Dio 20. Q4 | 1/10 120] 

SZ | ea [19 | Lf |19| 
el, {18} ewe es 118 | 

SE | | 4410 Bie ae [> ae Os eae 
CLOCK | i oth. [16] is oe oF {1 6| 
: I AaBehe g Bat eo a oo shale: | 
ry 3. sa ceas . 

| 2B * 113] RAS) ee? Sea a 

fi @9 he Oy Op 2: | 9;10 e{12| 

eo (es an oe oe ha Oy: % me eda 
Ve-~+-—-y--Ut--! '--4-y--ud¢-—-' 


Pi) oe }14| 


1.3.1.11 Design The final messages in the report indicate the name of 
Report, Errors and this report and the number of errors and warnings. In 
Warnings addition, a separate warning about marginal partitioning 


is mentioned. No pin-out map could be generated. 


The Design Doc is stored in ===> BSR.Rpt 
|> WARNING F120 - Marginal Block Partitioning Measure: (Utilizations) 


$% FITR %% Error Count: 2, Warning Count: 1 
%$% FITR %*% File Processing Terminated. - File: BSR (10 nc) 
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1.3.2 PROBLEM Two problems were revealed during report 
SUMMARY interpretation. 


¢ Wiring congestion, evident in the resource- 
assignment segment of the MACH report, was 
indicated for a number of Qx signals. 


¢ Too many inter-block connections, noted in the 
tabular signals segment of the MACH report, 
were indicated for several Qx signals. 


Ten product terms are required for each equation and 
each equation must be routed to both blocks. 


The logic in this circuit has many common inputs. 

Equal affinity results and negates one of the partitioning 
criteria used during the fitting process. In this case, 
marginal partitioning resulted in blocked wiring paths 
and several feedback signals could not be routed. 


1.3.3 STRATEGIES Not every equation can have a large number of product 
TO REDUCE terms and a large number of wiring channels from block 
CONGESTION AND to block. The challenge here is to reduce the number of 
INTER-BLOCK equations or find a way to reduce the amount of inter- 
CONNECTIONS block wiring. In fact, an approach that provides insight 


to other designs can be found if you associate the 
equations with the actual MACH architecture. 


In this design, Qx outputs must be routed to both 
blocks, as seen in the tabular signals segment of the 
MACH fitting report. The logic array for each block 
feeds the Qx registers in that block, which practically 
eliminates the possibility of wiring congestion. 
Consequently, the congestion that causes the fitting 
failure must be inter-block congestion resulting from Qx 
outputs in one block going to a different block. 


A good solution to reduce the wiring congestion is to 
reduce requirements for Qx output routing. To gain an 


MACH DESIGN WORKBOOK 


1-22 February 1991 


understanding of the requirements for Qx output 
routing, you can look at the equations that define the 
Qx signals. For example, shift-function equations are 
expressed in terms of Qx outputs: Q0=Q7*RL1 (Rotate 
left 1). If you convert this equation to its architectural 
equivalent, shown next, you get a picture of a bank of 
flip-flops feeding a shift network that feeds back to the 
registers. 


Qx Outputs 


Data In ax [A] shit 
B Registers Logic Qx Feedback 


Area A in the figure above represents an area already 
congested by fuses and various combinations of output 
and feedback polarity options. Area B has only input 
signals. None of the register options are used at the 
input macrocells. 


If you reverse the architecture, as shown next, a less 
congested wiring-channel is achieved. In the new 
architecture, there is no feedback at all. Input data is 
shifted and loaded to the correct register initially. 


Qx Outputs 


Data In Shift A Qx 
B Logic Registers 
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1.4 RE-ENGINEER 
THE DESIGN AND 
COMPILE 


1.4.1 RE-ENGINEER 
THE DESIGN 


Schematic file 


Control file for schematic design 
Auxiliary simulation file 
Other file 


Q0 = DO * LD * /SE 
+ QO * /SE * /LD 


+ DO * RLO 


[Esc] 
F 
C 


New filename: <Esc = abort> 
new_name.PDS [Enter] 


Follow the steps below to re-engineer the design and 
compile it using the same options you used initially. 


Note: A copy of the re-engineered design file is 
supplied on the PALASM 4 installation diskettes under 
the name BSR_INPT.PDS. If you don't want to make 
the design edits, simply skip to discussion 1.4.1 and 
compile the BSR_INPT.PDS file. 


The following changes move the shift operation from 
the output side of the function to the input side. 


To edit the PDS file, 


1. Select the Text file command from the Edit menu. 


The PDS file appears on the screen. 


To change product terms associated with shifting from 
Q-based to D-based terms in equations, you make the 
following kinds of changes to equations in the PDS file. 


2. Edit the third and following lines of each equation, 
as shown at left, then compare your changes with 
the partial equations segment shown next. 


3. Change the name of the new file so you can retain 
the original design file. 


ie 4. Save the file and quit from the editor to PALASM 4. 
X 
Save Changes (Y/N-<CR> for Yes)? 
[Enter] 
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wore ee eee r++ --------------------- Boolean Equation Segment ------ 


ROUA TIONS 
Q0 = D0 * LD 
+ QO * /SE 
+ D7 * RLI1 
+ D6* RL2 
+ DS * RL3 
+ D4 * RL4 
+ D3 * RLS 
+ D2 * RL6 
+ D1 * RL7 
+ DO * RL8 
Q1=D1* LD 
+ Q1 * /SE 
+ DO * RLI1 
+ D7 * RL2 
+ D6 * RL3 
+ DS * RL4 
+ D4 * RLS 
+ D3 * RL6 
+ D2 * RL7 
+ DI * RL8 
Q2 =D2* LD 
+ Q2 * /SE 
+ D1 * RL1 
+ DO * RL2 
+ D7 * RL3 
+ D6 * RL4 
+ DS * RLS 
+ D4 * RL6 
+ D3 * RL7 
+ D2 * RL8 
O7-= Di * LD 
+ Q7 * /SE 
+ D6 * RL1 
+ DS * RL2 
+ D4 * RL3 
+ D3 * RL4 
+ D2 * RLS 
+ Dl * RL6 
+ DO * RL7 
+ D7 * RL8 
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1.4.1 COMPILE THE 
UPDATED DESIGN 


Next, you retrieve and compile the updated design 
using the same logic-synthesis and fitting options as 


you did before. The log file name will differ. 


af 


1 2. 


BSR_INPT.PDS [F10] 


Note: A re-engineered version of the 8-bit barrel shift 
register design is stored as BSR_INPT.PDS, and is 
referenced in the following discussion. 


Select Retrieve existing design from the File menu. 


Activate the file-name field, type the name at left, 
and confirm. 


TEXT 
BSR_INPT.PDS 


Input format: 


File name: 


BSR_INPT.LOG 
[F10] 


3. 


Select Compilation from the Run menu. 


4. Change the execution-log file name as shown. 


COMPILATION OPTIONS 
Log file name: BSR_INPT.LOG 
Run mode: AUTO 
Process from 


Format: TEXT File: BSR_INPT.PDS 


Merge mixed mode: 
Minimize Boolean: 
Assemble: 


Check syntax: N 
Expand Boolean: N 
Expand state: N 
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[F10] 


5. Confirm MACH Fitting Options, shown next. 


MACH FITTING OPTIONS 


OUTPUT: 
Report level 

SIGNAL PLACEMENT: 
Force all signals to float? 
Use placement data from 


Detailed 


Y 
Design file 


Save last successful placement <F3> 


Press <F9> to edit file containing Last sucessful placement 


FITTING OPTIONS: 
When compiling 


Select one combination 


Maximize packing of logic blocks? <N> 


Expand small PT spacing? 


Expand all PT spacing? 


[Esc] 


Execution log file 
Design file 


February 1991 


<N> 
<N> 


This time the process is successful. 
6. Dismiss the process window. 
To review the report, 


1. Select the Reports command from the View menu. 


2. Select Mach report from the submenu. 


Tip: Again, you can select the Other file command 
from the Edit menu, enter the name below, and print the 
report from the text editor as usual. 


BSR_INPT.RPT 
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1.5 INTERPRET Discussions here provide an interpretation of relevant 


FINAL REPORT segments of the MACH report and a conclusion. 
1.5.1 INTERPRE- As you might expect, most areas of the report show no 
TATION significant difference when compared with the previous 


one. However, some sections ment a look. 


1.5.1.1 Timing In the timing-analysis table shown next, the Tcr delay 

Analysis for Signals has been eliminated. In the updated design, data 
enters from bit 0 and moves directly to Qx and out of 
the register rather than looping back through. 


**x* Timing Analysis for Signals 


Parameter Min Max Signal List (Those having Max delay.) 
Tsu 1 1 Q0 Ql 
Q3 Q4 
Q6 Q7 
Q0 Qi 
Q3 Q4 
Q6 Q7 


1.5.1.2 Block The only change in block partitioning results is the 
Partitioning signal fanout for each block, which has been reduced 
from eight per block to four per block. 


Partitioning Design into Blocks... 


*** Block Partitioning Results 


Array Macros # I/O Buried Product Signal 

Inputs Remain Macro Logic Terms Fanout 
Block-> A 17 12 4 0 48 4 
Block-> B 17 12 4 0 48 4 
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1.5.1.3 Assigning 
Resources 


*** Macro Block Inputs 


Inputs> 
Targets> 0(10) 


SO (I 0) 
ee ee 
S242 22) 
LD (I 3) 
DO (I 4) 


*k** Macro Block A 
I/O Macros> 
Targets> Om ee 


Q0 (A 1) 
Ql (A 4) 
Q2 (A 9) 
Q3 (A 12) 


*x** Macro Block B 
I/O Macros> 
Targets> 1(25) 


Q4 (B 1) 

Q5 (B 4) 

Q6 (B 9) 

Q7 (B 12) 
Inputs> 


Targets> 0(24) 
10 (38) 


1.5.1.4 Signals, 
Tabular 


February 1991 


All signals are placed in both blocks. Wiring 
congestion, seen in this segment for the previous 
design iteration, has been eliminated. Overall device 
utilization remains at 68%. 


Sl S2 
2(13) 3 (32) 4 (33) 


(B 16) 
(B 17) 
(B 19) 
(B 20) 
(B21) 


Ql 
9(15) 12(18) 


Q5 
9(37) 12(40) 


1) 
4) 
9) 
12) 
D2 D3 D4 
DS D6 D7 


2 (26) 3(27) 5 (2 9) 6 (30) 7(31) 8 (3 6) 
PL(3o 13441) 14(42) 15(43) 


You can see a redistribution of signals driving blocks in 
the segment shown next. All Dx signals now drive both 
blocks A and B. The Qx signals now drive either block 
A or block B and all signals are placed. Product-term 
use for Qx signals has not changed. 
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*x* ‘Signals 


Signa 
CLOCK 
DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
Q0 
Ql 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
SO 
Sl 
SZ 
SE 
LD 


~ Tabular Information 


1 


bh 
OO DANO BW DY PH 


hb 
WN bP 


a 
OM. 


hm be pS 
io © ~J 


RO NM NM 
NM Fr © 


1.5.1.5 Signals, 


P/N # 


3.5 
33 
24 
26 
29 
31 
38 
41 
43 


(Loc) 
I 


I 
B 
B 
B 
B 
B 
B 
B 
A 
A 
A 
A 
B 
B 
B 
B 
I 
I 
ni 
B 
I 


WwW DWNHRr ODM WO BF ND 


Ty pe 
clock pin 


input 
input 
input 
input 
input 
input 
input 
input 


i/o 
i/o 
i/o 
i/o 
i/o 
1/o 
i/o 


pin 
pin 
pin 
pin 
pin 
pin 
pin 


i/o pin 


input 
input 
input 
input 
input 


This segment shows a redistribution of signals driven 


Equations by each source. The fanout list for Dx and Qx signals 
has changed considerably. In fact, it's reversed from 
the previous distribution because of the design 
changes. 
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Signal 


February 1991 


Source 


CLOCK 
DO: 


{AAAA 
Dis 


{AAAA 
D2: 


{ AAAA 
D3: 


{ AAAA 
D4: 


{ AAAA 
Do: 


{ AAAA 
D6: 


{ AAAA 
Dy: 


{ AAAA 
QO: 

{A} 
Ql: 

{A} 
Q2: 

{A} 
Q3: 

{A} 
Q4: 

{ B} 
OS: 

{B} 
Q6: 

{B} 
Ors 

{ B} 


Fanout List 
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1.5.1.6 Feedback In the feedback map, shown next, you can see how 

Map design changes have impacted the way in which input 
and output signals are routed through the switch matrix 
to the array to drive other outputs. 


*** Feedback Map - BARREL SHIFT REGISTER 


Gbl Inp . : T/O .--+--A--+--. I/0 T/O .--+--B--t--. I/O 
D4: O| [21] DO D4: O| 2b) DO 
O02 1] |20| LD Q4 : 1] [20] LD 
D3) &s,>2.1 [19] S2 Dia 3 321 119] S2 
A [18 | 3 [18] 


Ql: 4] ode! Sak Oo <4] [do 8S 
D2. 23 {16| sO Did. s-4 [16] Sod 
6 | \Lo2 SE 6 | ios 
Dit 7 {14 | Dl. 2 | |14| 
D7 os 8 Poot: DS D7 : 8 [pe es ee 8s) 
O2 = 94 [12: Q3 Q6 : YI leLeZ 3) Qe 
D6 :10| [11] 107 Pd. dl 
f--+¢-u--ut--' lease ir Sond!” austria 


1.5.1.7 Logic Map The logic map includes Q5 and Q7. Each output signal 
still requires ten product terms, which are automatically 
allocated from adjacent macrocells as needed. 


*** Logic Map - BARREL SHIFT REGISTER 


Gbl Inp .--. I/O .--+--A--+--. I/0 I/O .,--+--B--+--. I/O 
SO] 0] Ou {21 | Ol. * Pee 
Sl1{ 1] Q0 1[{10 | 20 | Q4 1/10 |20| 
S2| 2| 2| * 119 | Z|) [19] 
LD} 3] oe 118 | ened {18 


oe ea |16| 
6| . Pan [ns | 


CLOCK| 5| 


Sul [16 | 
6] - 115] 
ay. 2 ~ 114 | DAL wg ~~ 1144 
Si = eT Bip A S| 
f 9/10 210 p12 | {| 9{10 10{12| 
ae 0, i as el | vO es. Say 
fee t—-u--ut--' '--+-u--u+--' 


| | 
| | 
| 
| | 
DO! 4| Ode fs 4 e@ 117} Q5 | 4{10 (17 
| | 
| | 
| | 
| | 


MACH DESIGN WORKBOOK 


1-32 February 1991 


1.5.1.8 Device Pin- The device pin-out map is generated only when a 
Out Map successful fit occurs. The following pin-out segment is 
shown near the end of the MACH fitting report. 


x*** Pin Map - BARREL SHIFT REGISTER 


35| CLOCK 
MACH-110 34] Gnd 

33 | DO 

32] LD 

31|D4 

30 | 

29| D3 
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1.5.2 CONCLUSION The logic in this design includes many common inputs. 
The initial MACH report indicated wiring congestion and 
routing failure. 


You surmised that reversing the architecture to 
eliminate feedback could achieve less congested wiring 
channels. Input data would be shifted and loaded to 
the correct register initially. 


To accomplish this you moved the shift operation from 
the output side of the function to the input side by 
changing all product terms associated with shifting from 
Q-based to D-based terms in equations. 


No change in MACH fitting options was required to 
achieve a successful fit after re-engineering the design. 


This concludes this example. 
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Two 8-Bit COUNTERS WITH A MUX 


A DESIGN WITH HIGH DEVICE-RESOURCE 
REQUIREMENTS 
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2 Two 8-Bit COUNTERS WITH A 
MUX: A DESIGN WITH HIGH 
DEVICE-RESOURCE 
REQUIREMENTS 


This chapter uses two 8-bit counters with a MUX to 
illustrate how a design with high resource requirements, 
such as pins, I/O macros, and product terms, is fit into a 
MACH device. 


The design in this example has an overall device- 
utilization of 95%.' You initially compile the design 
without specific fitting options. During MACH-report 
interpretation, you gain insight into the partitioning and 
subsequent routing problems caused by tightly packed 
blocks and, in this particular design, outputs placed 
adjacent to each other. You then enable specific fitting 
options one at a time to alleviate these obstacles and 
achieve a fit. 


Designs that require up to 70% of MACH-device resources can be achieved with very little effort. 
This example shows that MACH-device utilizations of greater than 70% can be achieved using 
various combinations of language syntax and software fitting options. The degree of fit varies 
from design to design. 
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2.1 DESIGN 


DESCRIPTION 
2.1.1 PINS 
2-2 


Files related to this AMD-supplied design are stored in 
the directory noted below. 


\PALASM\EXAMPLES\WB\CNTMUX 


The logic diagram for this design, shown opposite, 
includes two individual 8-bit counters followed by a 
MUX. Thirty two inputs feed the MUX as follows. 


¢ 16 external inputs feed the MUX through two 
buses, I0 through I7 and 18 through 115. 


¢ 16 counter outputs feed the MUX through two 
busses, Q0 through Q7 and Q8 through Q15. 


Outputs from the MUX, O0 through O15, connect the 
circuit to the outside world. Signal SEL is the control 
signal to the MUX. 


¢ When SEL is high, the inputs !0 - 115 are routed 
to the muitiplexer outputs. 


e When SEL is low, the counter outputs Q0 - Q15 
are routed to the multiplexer outputs. 


When the load-enable signal, LD, is asserted, the 
counters are loaded with data from 10 through I7 and |8 
through 115. Counters are enabled when the Count 
control signal is asserted. The counter counts up when 
control-signal UP is high and down when UP is low. 


A MACH 110 device supports 38 signal pins. This 
design uses 37 of the pins as follows. 


¢ 21 input pins are required: IO through 115, CLK, 
SEL, COUNT, UP, and DOWN. 


¢ 16 output pins are required: OO through 15. 


MACH DESIGN WORKBOOK 


February 1991 


8-Bit 
Counter 


q S 
S 


© 
oo 


— 
oo 


|) 
| 
= 
leaiey 
= 
_, 
a 
| > O7 
= 
| 
od 
ne 
| 
ey 
| 


fe) 
Or 


Two 8-bit Counters with a MUX 


MACH DESIGN WORKBOOK 


February 1991 2-3 


2.1.2 MACROCELLS The MACH 110 provides 32 output macrocells, which 
can be used either as I/O macrocells or as buried 
macrocells for internal signals. This design uses all 32 
macrocells as follows. 


¢ The output signals from the MUX, O0 through 
O15, require 16 !/O macrocells. 


¢ Each counter requires eight buried macrocells, 
for a total of 16, for signals QO through Q7 and 
Q8 through Q15, respectively. 


2.1.3 PRODUCT The MACH 110 device provides 128 product terms. As 

TERMS currently implemented, each of the 16 equations for 
counter outputs QO through Q15 requires four product 
terms for a total of 64. The 16 equations for MUX 
outputs OO through O15 require two product terms 
each, for a total of 32. 


You can see in the PDS file, shown in part next, node 
statements specify registered signals that feed back 
into the circuit. These are not connected to external 
I/Os. Certain equations include the .T notation to 
specify the use of a T-type flip-flop. 
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CHIP CNTMUX MACH110 


pin 1 gnd 

pin 44 vcc 

pin 35 CLK 

porte cre rcs ce cee cc cece ceee------- PIN Declarations --------------- 
PIN ? COUNT : 

PIN ? UP : 

PIN ? LOAD : 

PIN ? SELECT : 

PIN ? I0 : 

PIN ? 11S : 

PIN ? 00 COMBINATORIAL ; 

PIN ? O15 COMBINATORIAL ; 

NODE ? Q0 REGISTERED ; 

NODE ? Q15 REGISTERED ; 

prc tt scr cc ste ces cee nese ---------- Boolean Equation Segment ------ 
EQUATIONS 


Q0.T := COUNT 
+ LOAD * 10 * /QO 
+ LOAD * /10 * QO 
Q0.CLKF=CLK 
Q0.RSTF=GND 
Q0.SETF=GND 


Q1.T := COUNT * UP * QO 
+ COUNT * /UP * /Q0 
+ LOAD * Il * /Q1 
+ LOAD * /I1 * Q1 
Q1.CLKF=CLK 
Q1.RSTF=GND 
Q1.SETF=GND 


Q15.T := COUNT * UP * Q8 * Q9 * Q10 * Q11 * QI2 * Q13 *Q14 
+ COUNT * /UP * /Q8 * /Q9 * /Q10 * /Q11 * /Q12 * /Q13 * /Q14 
+ LOAD * 115 * /Q15 
+ LOAD * /I15 * QI5 

Q15.CLKF=CLK 

Q15.RSTF=GND 

Q15.SETF=GND 


O00 = SELECT * I0 
+ /SELECT * QO 


O15 = SELECT * 115 
+ /SELECT * Q15 


po ccr crt te eee cere ce eee eee ---------- Simulation Segment ------------ 
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2.2 COMPILE THE 
DESIGN 


2.2.1 SETUP 


CNA 
PALASM [Enter] 


Press any key ... 
[Space bar] 


Begin new design 
Retrieve existing design 


eels cu files 


This discussion is divided into two procedures. 


- Setup 
¢ Compilation 


Note: If you have a good understanding of the 
PALASM 4 software, you can use the prompts and 


figures on the left side of this discussion to quickly 
advance to discussion 2.3. 


The following steps guide you as you retrieve the PDS 
file and verify setup options to ensure they are appro- 
priate to initially compile and fit this design. 

To begin from DQS, 


1. Type PALASM at the DOS prompt, then press 
[Enter] to run the software. 


2. Dismiss the copyright notice and continue. 


To retrieve the design, 


1. Select the Change directory command from the 
File menu. 


C:\PALASM\EXAMPLES\ 2. Type the path name shown below and confirm it. 
WB\CNTMUX [F10] 
C:\PALASM\EXAMPLES\WB\CNTMUX | 
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3. Select Retrieve existing design from the File menu. 


Merg 


[F2] 4. Display the submenu and select Text, activate the 


T [Enter] ee 
CNTMUX.PDS [F10] file-name field, type the name at left and confirm. 


The form on your screen should match the one below. 


Input format: TEXT 


File name: CNTMUX.PDS 


To verify the setup, 
1. Select Set up from the File menu. 


Beem new design A submenu opens offering four setup options. 


2. Select Working environment from the submenu. 


Compilation options A form appears that identifies the following. 
Simulation options 
Logic synthesis options 
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Editor program: C:\PALASM\EXE\ED.EXE 

RS-232 communication program: C\PALASM\EXE\PC2.EXE 
Provide compile options on each run: Y 

Provide simulation options on each run: 


Y 
Display design information window: Y 
Turn system bell on: N 
Generate netlist report: Y 


The third specification allows you to confirm compilation 
options immediately before the process begins. 


important: If the third specification on your screen 


differs, change it as indicated in step 3. In any case, 
complete step 4. 


L 3. Change the compile options specification if 
Provide compile options ... needed. 
Y 
[F10] 4. Confirm all specifications and dismiss the form by 
pressing [F10]. 


To verify the logic-synthesis setup, 


1. Select Logic synthesis options from the submenu. 
Working environment 


Compilation options The following form appears. 


Simulation options 
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LOGIC SYNTHESIS OPTIONS 


Use automatic pin/node pairing? Y 
Use automatic gate splitting? N ...if’’Y’,Max=4 


Optimize registers for D/T-type Best type for device 
Ensure polarity after minimization is Best for device 
Use ’IF-THEN-ELSE’,’CASE’ default as Don’t care 


The figure above shows the options that must be 
specified for the first compilation of this design. 


Use auto ... pairing? 2. Type the correct letter to enable automatic pairing 
¥ and disable gate splitting. 
Use auto ... splitting? 
N 
Optimize registers ... 3. Display the list of options and type the letter B to 
[F2] select the Best ... options for register optimization 
B [Enter] and polarity specifications, respectively. 
Ensure polarity ... 
(F2) 
B [Enter] 
Use ‘IF-THEN-ELSE,, 'CASE'... 4. Display the list of options and type the letter D to 
“ select the Don't Care option for the language 
specification. 
[F10) 5. Confirm all specifications in the form. 
The form is dismissed, any changes are recorded, 
and the Set up submenu is again available. 
[Esc] 6. Dismiss the submenu. 


You're returned to the File menu; the Set up 
command remains highlighted. 
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2.2.2 COMPILATION Now that you've verified basic setup options, you 
compile the design and interpret the report. 


To begin, 
1. Select Compilation from the Run menu. 


The Compilation Options form appears listing 
various specifications. 


Other operations ... 


COMPILATION OPTIONS 
Log file name: CNTMUX.LOG 
Run mode: AUTO 
Process from 
Format: TEXT File: CNTMUX.PDS 


Check syntax: N Merge mixed mode: 
Expand Boolean: N Minimize Boolean: 
Expand state: N Assemble: 


The specifications in the lower half of the form are used 
only when a manual run mode is specified. For this 
design, automatic run mode is used. 


Important: Be sure to complete the steps below to set 
the execution-log name and run mode. 
CNTMUX.LOG [Enter] 2. Enter the execution-log file name shown at left. 


The Run mode field becomes active. 


sa 3. Display the options list and select Automatic. 
[F10] 4. Confirm specifications in the form. 


A new form appears showing the MACH fitting 
options to be used. 
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MACH FITTING OPTIONS 


OUTPUT: 
Report level Detailed 
SIGNAL PLACEMENT: 
Force all signals to float? Y 
Use placement data from Design file 
Save last successful placement <F3> 


Press <F9> to edit file containing Last sucessful placement 
FITTING OPTIONS: 

When compiling Select one combination 

Maximize packing of logic blocks? <N> 

Expand small PT spacing? <N> 

Expand all PT spacing? <N> 


Important: The specifications on your screen should 
match the previous figure. If they differ, complete steps 
5 through 8. In any event, complete steps 9 and 10. 


Report level 5. Display the list of options and type the !etter D to 
[F2] select Detailed for the report option. 
D [Enter} 
Force all signals ... 6. Type the letter Y to force all signals to float during 
” compilation. 
Use placement ... 7. Display the list of options and type the letter D to 
[F2] select Design file as the placement data option. 
D [Enter] [Enter] 
When compiling 8. Display fitting options, type the letter S to select 
[F2) one combination, type the letter N beside each 
suboption, and confirm. 
N 
N [F10] 


Maximize packing of logic blocks? N 


Expand small PT spacing? N 
Expand all PT spacing? N 
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[F10] 9. Confirm all specifications. 
A window opens as the process begins. Upon 
completion, you see the fitting process was not 
successful. 


[Esc] 10. Dismiss the process window. 


To review the MACH report, 


1. Select the Reports command from the View menu. 


Execution log file 
Design file 


SEIT CHC IT HCCC I I Be hh be te en ht he 
RENAME MO NI CS 
a 8 OCR ICHRCRS 


OOO SS wel lat ht nc at Cee CC Oe BOO ah 
OOOO OOOO EI ON MINNIE IM PI PRION RI NN MRE I RI RCT 


2. Select the Mach report command from the 
rz ee ae submenu, then scroll through the report. 


Tip: To print the report, you select the Other file 
command from the Edit menu, enter the name below, 
and print from the text editor as usual. 


CNTMUX.RPT 
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2.3 INTERPRET This discussion is divided into three parts. 
INITIAL REPORT 


e — Interpretation 
e Problem Summary 
¢ Improvement Strategies 


2.3.1 INTERPRE- Discussions below explain and show what various 
TATION segments of the MACH report reveal about this design 
and the unsuccessful fitting process. 


2.3.1.1 Flags Used The flags-used segment indicates which settings you 
specified on the MACH Fitting Options form. 


You forced all signals to float during compilation , and 
this set the flag: Unplace=True. Similarly, you disabled 
the logic-block packing and product-term expansion 
options. Those flags are set to False. 


Ordinarily, the pair analysis segment identifies errors 
caused by illegal pair declarations in pin and node 
statements. The preplacement segment identifies 
illegal and conflicting preplacement data. Neither 
segment is shown because no errors were reported for 


this circuit. 
2.3.1.2 Timing The timing-analysis table, shown next, indicates various 
Analysis for Signals kinds of delays. All signals listed have the maximum 


delay, which specifies the number of passes through 
the array. Signals in this design do not exceed one 
array-pass delay. This segment offers no clue about 
the unsuccessful fit. 
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*** Timing Analysis for Signals 


Parameter 
Tpad 


Tco 


Ter 


Key: 
Tpd - 
Tsu - 
L¢co = 
Ler = 


All dela 


2.3: 1 ad Device- 
Resource Checks 


Signal List 


00 
03 
06 
Q0 
Q3 
Q6 
00 
03 
06 
Ql 
Q4 
Q7 


Combinatorial propagation delay, 
Combinatorial setup delay before clock 
Register clock to combinatorial output 
Register thru combinatorial logic to setup 
values are expressed in terms of arra 


(Those having Max delay.) 


Ol 
O04 
OLS 
Q1 
Q4 
Q15 
Ol 
04 
O15 
Q2 
Q5 
Q15 


input to output 


passes 


The device-resource table indicates available resources 
in the selected device, those required by the design, 
and the percentage of utilization. As expected, this 
segment of the report, shown next, indicates an 


extremely high use of device resources. 


e Pin utilization 97% 


e  Product-term utilization 100% 


Strictly speaking, the number of product terms required 
for this design is 96. Product terms (PTs) are automati- 
Cally allocated in clusters of four. Two clusters of four 
PTs each, or a total of eight PTs, are allocated for a 
signal that requires six product terms. As a result, this 
design requires less than the maximum number of PTs 
yet none remain due to automatic product-term 


steering. 


MACH DESIGN WORKBOOK 


2-14 


February 1991 


xxk Device Resource Checks 


Available Used Remaining 
Clocks: 2 1 1 
Pins: 38 37 it -> 97% 
I/O Macro: 32 16 16 
Total Macro: i 32 0 
Product Terms: 128 94 0 -> 100% 


MACH-PLD Resource Checks OK! 


2.3.1.4 Block The partitioning segment of the report is shown next. It 
Partitioning provides several groups of information. 


Last Equations Placed in Blocks is divided into two 
groups, Weakly and Assign, that identify signal affinity, 
if any. Though not relevant to this design, information 
here can help you determine which signals to remove if 
you need to re-engineer the design. 


Block Partitioning Results provides statistics about 
the placement of logic in MACH blocks, such as the 
number of array inputs, 1/O and buried macros used, 
the number of product terms used, and signal fanouts. 
As you can see, most logic is partitioned between the 
two MACH biocks in equal proportions. However, some 
logic has not been placed at all, as confirmed by error 
messages generated at the end of this process. 


Block Signal List identifies which signals were placed 
into the specified MACH blocks. 


Errors and warnings appear if any occur during 
partitioning. This design needs all 32 macrocells. 
Though all available inputs and product terms are used, 
signals O06, O7, 014, O15, were not placed. Certain 
macros may be unused as a result of the disabled logic- 
packing option. As suggested, enabling the packing 
option may improve results. 


MACH DESIGN WORKBOOK 


February 1991 2-15 


Partitioning Design into Blocks... 


*** Last Equations Placed in Blocks 


Weakly - OO 
Assign - 04 


Ol 
O5 


*** Block Partitioning Results 


Array 

Inputs 
Unplaced-> 9 
Block-> A 20 
Block-> B 20 


*** Block Signal List 
Block-> A O5 
Ol 
Q2 
Q7 


Block-> B 013 
09 
Q10 
OFS 


Macros 
Remain 


# I/O Buried Product Signal 
Macro Logic Terms Fanout 
4 0 16 9 
6 8 56 8 
6 8 56 8 


O04 03 02 
00 Q0 Ql 
Q3 Q4 Q5 
Q6 


012 O11 O10 

08 Q8 Q9 
Qll Q12 Q13 
Q14 


ERROR F580 - Partitioning could not place all signals into blocks! 


Signals: 01.5 014 
WARNING F110 Blk 
WARNING F110 Blk 
WARNING F110 Blk 
WARNING F110 - Blk 

Max Packing 


O7 O6 
(all available Inputs used) 
(all available PTs used) 
(all available Inputs used) 
(all available PTs used) 
Option 


This segment indicates an overall device utilization of 
95%. The resource assignment area is not shown. 
Though it provides information related to internal 
processing, it does not reveal any fitting problems. 


2.3.1.6 Signals, 
Tabular 


The information in this table can be useful when you 
want to minimize inter-block connections. The following 
information is provided. 
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¢- Signal names and corresponding pin numbers 
¢ Pin and node numbers 

¢«  Macrocell block and cell location 

e Pin type 

¢« Logic type: D-type, T-type, Comb, etc. 

¢ Number of product terms used for outputs 

* — The block(s) driven by each signal 


Each question mark, ?, in the pin-location field indicates 
an unplaced signal. Each at-sign, @, in the block field 


indicates part of an equation was not placed in the 


block, which can be helpful for manual placement and 


redesign strategies. 


You can see in the segment shown next, pin placement 


data is not available because the process terminated 
before completion. 


*** Signals - Tabular Information 


Signal 


CLK 
COUNT 
UP 
LOAD 
SELECT 
I0 


I? 
18 
atad ee 
00 
O7 
08 


O15 
Q0 


Q7 
Q8 


Q15 
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P/N # 


Mo, 
) 


(Loc) Ty pe 

iS clock pin 
input 
input 
input 
input 
input 


input 
input 


Lnput 
i/o pin 


Lo pin 
1/6. pin 


i/o pin 
buried 


buried 
buried 


buried 
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2.3.1.f Signals, 
Equations 


2-18 


This segment of the report provides a comprehensive 
list of source signals; the signals driven by each source 
appears in the fanout list. Output signals not fed back 
through the array are listed as outputs with no feedback 
at the end of this segment. 


Part of this segment is shown next. As expected, 
contro! signals and counter outputs QO through Q15 
drive a large number of output signals, OO through O15, 
are also identified as having no feedback. 


No feedback, logic, or pin-out maps were generated 
because signal placement failed. The final messages 
in the report indicate the name of this report and the 
number of errors and warnings. 
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*** Signals - Equations Where Used 


Signal Source Fanout List 
CLK 
COUNT: Q0 Ql Q2 Q3 
: Q4 O5 Q6 Q7 
Q8 Q9 Q10 Q1li 
: Q12 Os Q14 Q15 
{AAAA AAAA BBBB BBBB} 
UP: (op) Q2 Q3 Q4 
: Q5 Q6 Q7 Q9 
Q10 OL Q12 Q13 
: Q14 O15 
{AAAA AAAB BBBB BB} 
LOAD : Q0 Ql Q2 Q3 
: Q4 O5 Q6 Q7 
Q8 Q9 Q10 O41 
: Q12 Q13 Q14 Q15 
{AAAA AAAA BBBB BBBB} 
SELECT: 00 Ol O02 03 
: 04 05 O06 O07 
08 09 010 Oil 
: 012 0.13 014 O15 
{AAAA AA... BBBB BB.. } 
TO: 00 Q0 
{ AA } 
de Ol Ql 
{ AA } 
18: O08 Q8 
{ BB } 
L152 OLS Q15 
(e843 
Q0: 00 Q0 Ql Q2 
: Q3 Q4 O'5 Q6 
Q7 


{AAAA AAAA A} 


Q7: O07 Q7 
{ .A} 
Q8: 08 Q8 Q9 Q10 
: O21 Q12 Q13 Q14 
O15 


{BBBB BBBB B} 


OS: s OLS Q15 
{ .B} 
x*** Outputs with no feedback 
00 Ol O02 O03 O04 
O05 O06 07 08 09 
010 O11 O12 O13 O14 O15 
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2.3.2 PROBLEM 
SUMMARY 


2.3.3 STRATEGIES 
TO MAXIMIZE LOGIC 
USE 


2-20 


Two obstacles were revealed during report 
interpretation. 


¢ Logic was not distributed optimally within each 
block and not all signals could be placed, as 
noted in the block-partitioning segment of the 


report. 


¢ The design requires almost 100% of all device 
resources, as noted in the device-resource 
checks. 


Important: When working on your own designs, you 
may want to address both issues at one time. 
However, to show the impact of each strategy, this 
example explores only one problem at a time. 


As suggested in the MACH report, you can enable the 
following fitting option to maximize the logic in each 
MACH biock. 


When compiling 
Maximize packing of logic blocks? Y 
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2.4 ENABLE You can use steps below to initiate a new compilation 
LOGIC PACKING process and enable the appropriate fitting option. 


1. Select Compilation from the Run menu. 


Note: If you have a good understanding of the 
PALASM 4 software, you can use the prompts and 


Simulation 
Both 


figures on the left side of this discussion to quickly 
Other operations ... 


advance to discussion 2.5. 


[F10] 2. Confirm specifications in the Compile Options form. 


The MACH Fitting Options form that appears shows 
specifications for the last compilation, which must be 


changed. 
L 3. Activate the field, display the options, type the 
When compiling letter S to select one combination, type the letter Y 
is to maximize packing ..., and confirm. 
Y [(F10] 


The form on your screen should match the one 
below. 


MACH FITTING OPTIONS 


OUTPUT: 
Report level Detailed 
SIGNAL PLACEMENT: 
Force all signals to float? Y 
Use placement data from Design file 
Save last successful placement <F3> 


Press <F9> to edit file containing Last sucessful placement 
FITTING OPTIONS: 

When compiling Select one combination 

Maximize packing of logic blocks? <Y> 

Expand small PT spacing? <N> 

Expand all PT spacing? <N> 
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[F 10] 4. Confirm all specifications. 
When the process finishes you see that despite the 
enabled logic-packing option, the fitting process was 
not completely successful. 


[Esc] 5. Dismiss the process window. 


To review the MACH report, 


1. Select the Reports command from the View menu. 


Execution log file 
— file 


2. Select Mach report from the submenu. 


Tip: Again, to print the report you select the Other file 
command from the Edit menu, enter the name below, 
and print from the text editor as usual. 


CNTMUX.RPT 
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2.5 INTERPRET 
SECOND REPORT 


2.5.1 INTERPRE- 
TATION 


2.5.1.1 Flags Used 


Here too, discussions are divided into report 
interpretation, problem summary, and additional 
improvement strategies. 


As you might expect, most areas of the report show no 
significant difference when compared with the initial 
one. However, certain segments are revealing. 


This segment indicates the logic-packing option was 
enabled for this process: Max Packing=True. 


2.5.1.2 Block 
Partitioning 


February 1991 


The fitting option you enabled had no affect on the 
following segments, which are not shown. 


e¢ Pair Analysis 

*« Pre-Placement and Equation Usage 
¢ — Timing Analysis 

¢ Device-Resource Checks 


The first part of this segment, with last equations placed 
and affinity information, is unchanged. However, 
partitioning results confirm all node and output signals 
were placed within MACH 110 logic blocks. 


¢ Qutput signals OO through O7 and node signals 
QO through Q7 were placed in block A. 


¢ Output signals O8 through O15 and node signals 
Q8 through Q15 were placed in block B. 
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Signal distribution in blocks A and B differ from those 
generated initially, as shown next. 


Partitioning Design into Blocks... 


*** Last Equations Placed in Blocks 


*** Block Partitioning Results 
Array Macros # I/0 Buried Product Signal 
Inputs Remain Macro Logic Terms Fanout 
Block-> A 20 0 8 8 64 8 
Block-> B 20 0) 8 8 64 8 
*** Block Signal List 
Block-> A O7 06 
03 O02 
Q0 Ql 
Q4 Q5 
Block-> B 015 
O11 
Q8 
Ql12 


Additional signal placements are discussed later, as 
you review the logic map. Device utilization is 
unchanged and is not repeated. 


2.5.1.3 Assigning Error F600, at the end of this segment, shows a number 
Resources of input signals were not placed and suggests a new 
solution. 


Assigning Resources... 


**k Macro Block B 
I1i2 (B 14)? I13 (B15)? 
I6 (B 8) -> Blocked -> No Reshuffle Possible 


|!> ERROR F600 - Not all input signals were connected! (signals=15/nc=30) 
Try Using Expand Product Term Option 
I9 Unplaced 
I10 Unplaced 
I11 Unplaced 


I7 Unplaced 
18 
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2.5.1.4 Signals, 


Tabular 


All control signals, node signals QO through Q15, and 
output signals OO through O15, were placed. However, 
signals 10 through 115 are not placed. 


x*** Signals - Tabular Information 


Signal 


CLK 
COUNT 
UP 
LOAD 
SELECT 
I0 

I? 

8 
Ilo 
00 

07 

O8 
OLS 
Q0 


O7 


Q15 


2.5.1.5 Feedback 


Map 


February 1991 


P/N # 


35 
32 
13 
10 
La 

0 


0 
0 


(Loc) Ty pe 

I clock pin 
input 
input 
input 
input 
input 


input 
input 


input 
i/o pin 


i/o pin 
i/o pin 
i/o pin 
buried 


buried 


buried 


The signals equations segment of the report remains 
essentially the same and is not shown. Again, the 
fanout list indicates that the control signals and counter 
outputs drive a large number of signals. 


Though the second fitting process was not completely 
successful, the enabled logic-packing option aided in 
feedback-map generation. 


The feedback map provides an overview of output 
signals being fed back to drive other outputs. It also 
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provides a visual measure of connectivity requirements. 
Input signals that could not be routed are not shown. 
Information here compliments information in the logic 
map. 


This map shows how each input and feedback signal is 
routed through the switch matrix to the array. The 
numbers on this map correspond to switch-matrix 
blocks, not to logic-block locations. Switch-matrix 
blocks feed the PAL arrays, which in turn feed macros 
through the logic allocator. 


If you refer to the PDS file, you can see that counter 
outputs QO through Q15 are designated as node 
signals, which are fed back through the array to 
generate MUX outputs O0 through 015. The feedback 
map shows node signals Q0 through Q15 as feedback 
inputs. 


*** Feedback Map - COUNTER FOLLOWED BY MULTIPLEXER 


Gbl Inp .--. I/O .--+--A--+--. I/O I/O .--+--B--+t--. I/O 
| Q| | Of as Oe | QO} [21] 
oe Le Ses |20| COUNT | lt [20] COUNT 
| 2| | 2| {19| UP | 2| dB OEP 
| 3I b, soa [18 | > el }18| 
| 4] | 4| [a7 | SELECT | 4] fis |. Seb eor 
| S| bi 34 {|16! LOAD bo OI }16] LOAD 
recall | 6] Pwo WOOF | 6| (oe O15 
| 7| 114: Q6 S| [14: Q14 
OO: 2. 8: [1L33: 205 QO8 : 8] [Lat O13 
Ol-: 9 | [12: Q4 O09 : Q| }12: Q12 
Q2 :10| [Aske 203 Q10 :10] lj. ie O11 
SS ye Sa ae aetna die © Ranecee, © Gs set aa 
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2.5.1.6 Logic Map The logic map graphically summarizes the assignment 
of output signals and internal nodes for each block in 
the MACH device. It also shows the signals assigned 
to global input pins. This can help you gauge device 
utilization, distribution of signals among logic blocks, 
and assignment of signals to macros. 


The logic map generated during this fitting process 
appears next. It shows that outputs OO through O7 and 
O8 through 015 were placed adjacent to each other in 
blocks A and B, while nodes Q0 through Q7 and Q8 
through Q15 were grouped together in blocks A and B. 
During the fitting process, output signals are placed 
before input signals are routed. However, in this 
design, logic is packed within the blocks so tightly that it 
is not possible to route appropriate inputs to generate 
the outputs. 


*** Logic Map - COUNTER FOLLOWED BY MULTIPLEXER 


Gol Inp .--. .--+--A--+--. I/0 I/O .--+--B--+--. I/O 
LOAD | 2 {21 | 08 2 |21| 
SELECT| {20 | 09 [20] 
UP | Poe 010 bi. 9: 
COUNT | 118 | 118 
I5| [17 | {}17] 
CLK| 116 | [16] 
4|15| 4|15| 
4j14| 4|14| 
4113 | 4|13\| 
4|12| 4|12\ 
4j11| 411] 
Poe +—y—--ut-—! '2-4+ -y--ut--—'! 


&m W KN RM NM NM NM NM PN 
m WM M M NHN NM NH PN 


na 
> 
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2.5.2 SUMMARY 


2.5.3 STRATEGIES 
TO IMPROVE SIGNAL 
SPACING 
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The feedback and logic maps illustrate that the outputs 
and nodes were grouped and placed next to each 
other. In this situation, flexibility when routing inputs is 
obstructed. 


For example, as the logic map shows, inputs cannot be 
brought in using pins connected to macrocells 0 
through 7 in blocks A and B, because these macrocells 
are used for I/O signals. 


Interspersing signals OO through 015 with QO through 
Q15 would result in increased flexibility during input 
routing. In that case, pins connected to Q0 through 
Q15 could be used to bring in the input signals. 


The report suggested using a PT-spacing option to 
allocate empty space between macrocells. 


The option below would allocate an empty space 
between each macrocell. Based on device-utilization 
and product-term requirements, that would be too much 
space for this design. 


Expand all PT spacing 


The following option would better distribute space 
between certain macrocells for the unrouted signals. 


When compiling Select one combination 


Expand small PT spacing Y 
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2.6 ENABLE You can use the steps below to specify new options 
SMALL PT and initiate a new compilation process. 


SPACING 


1. Select Compilation from the Run menu. 


eter te 


Note: If you have a good understanding of the 
PALASM 4 software, you can use the prompts and 


Simulation 
Both 


figures on the left side of this discussion to quickly 
Other operations ... 


advance to discussion 2.7. 


[F10} 2. Confirm specifications in the first form. 


The MACH Fitting Options form that appears shows 
current specifications; you must change options. 


1 3. Activate the field, display the options list, choose 
When compiling Select one combination, type the letter Y beside 
ar the small PT-spacing option, and confirm. 
t The form should match the one below. 
Expand small PT spacing 
Y [F10] 


MACH FITTING OPTIONS 


OUTPUT: 
Report level Detailed 
SIGNAL PLACEMENT: 
Force all signals to float? Y 
Use placement data from Design file 
Save last successful placement <F3> 


Press <F9> to edit file containing Last sucessful placement 
FITTING OPTIONS: 

When compiling Select one combination 

Maximize packing of logic blocks? <Y> 

Expand small PT spacing? <Y> 

Expand all PT spacing? <N> 
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When specifications on your screen match the previous 
figure, 


[F 10} 4. Confirm all fitting specifications. 


When the process finishes you can see it was 
successful. 


[Esc] 5. Dismiss the process window. 


To review the MACH report, 


1. Select the Reports command from the View menu. 


Execution log file 
Design file 


DC NOCH Oe ie pe Ce Oe Oe Be Oe Oe bt ht at ht be aa nr aad ed th ed ae ae ae ara 

IC MN MMMM Se MN OO Oe Oe ee ee ee he ee he ee ee eee he he ee a a he he 
ea Nae Oe a OE NM OO Od ee 

9. CROCCO LY BO SN St na CS SO MERE DSR Se a SE 


econ erecate sterols 
MRSS of SCORCH OC OR OM RCO OK Oe De De Oe Ot ea th ae he ar eet ht Ot ee ee a 
COMO ONE MCN EC MN ee ht De eS OD 


2. Select Mach report from the submenu. 


Fuse map 


Tip: Again, to print the report you select the Other file 
command from the Edit menu, enter the name below, 
and print from the text editor as usual. 


CNTMUX.RPT 
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2.7 INTERPRET The two discussions here are divided according to 


FINAL REPORT report interpretation and the conclusion. 
2./.1 INTERPRE- As expected, the flags-used segment indicates you 
TATION enabled the floating signals, logic-packing, and small- 
PT spacing options. 
Flags Used: Unplace=True Max Packing=True 
Flags Used: Expand Small=True Expand All=False 


The fitting option you enabled did not affect the 
following report segments, which are not shown. 


¢ Pair Analysi: 

¢ Pre-Placement and Equation Usage 
¢ Timing Analysis 

¢ Device-Resource Checks 

¢ Block Partitioning 

¢ Device Utilization 


The only significant changes to the resource- 
assignment segment is that no errors or unplaced 
signals are reported. No significant changes appear in 
the signal-equations table. These segments are not 
shown. 


The tabular-signals table and the feedback and logic 


maps have changed, as shown next. Also, a device 
pin-out map was produced. 
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2.7.1.1 
Tabular 


*** Signals 


2.4.1.2 Feedback 


x**x* Feedback Map - COUNTER FOLLOWED BY MULTIPLEXER 


Gbl Inp 


Signal 


I0 
Tl 
I2 
3 
T12 
Ti3 


I14 
ris 


0| 
1| 
2 | 
3 | 


4| 
5 | 


I/O 
Il 


I 0 
Qi 


Q4 
IT2 


00% 


Ve. 
O27 
Il6 : 
O32 3 
TS 


P/N # 


As you can see in the partial tabular-signals list below, 
the input signals have now been placed in blocks. 


- Tabular Information 


(Loc) 


The feedback map reflects the new distribution and 
placement of signals within blocks. All input signals, 
both external and feedback signals, have been 
successfully roufed. The figure below shows the new 
feedback map. Ix and Cx signals are now interspersed. 


~--+--A--+--. I/O 


0 | 
1 | 
2 | 
3) 
4 | 
5: | 
6 | 
7 | 
8 | 
; 9 
21 0:,| 


121] 15 
|20| COUNT 
[19] UP 
118 | 

[17] SELECT 
[16| LOAD 

| eS. OF 
114: 14 
113: Q6 
[12 | 

Lich. 305 


t--+-u--ut--! 
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19 
Q8 
I8 
Q9 
L15 
Q10 
T14 
Q1ll 
Ti3 
Q12 
I12 


oto Be-t--. 


0 j 
1 | 
2 | 
3 | 
4| 
oe 
6 | 
7| 
8 | 
: 9] 
2:10] 


121] 
|20| 
ee 
i 18) 
La 
aa G:| 


eee 
114: 
piss 
eles 
Pee 


'--+-y--ut--' 


I/O 


COUNT 
UP 


SELECT 
LOAD 
O15 
TG 
O14 
Ne 
Q13 
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2.7.1.3 Logic Map The logic map summarizes the new placement. Logic 
blocks are well packed. Output signals OO through O15 
are interspersed with node signals QO through Q15. 


The small product-term expansion option provided 
space for input signals so pins associated with QO 
through Q15 can be used as inputs. The result is the 
successful routing of input signals. 


*** Logic Map - COUNTER FOLLOWED BY MULTIPLEXER 


Gbl Inp .--. I/O .--+--A--+--. I/0 ,oct--B--+--. I/0 

LOAD] 0O| 00 0 | es ae | O| [21] 
SELECTI 1] Qo | li 120 | br ba |20| 
UP| 2| Ol 2 | {19 | | 2] E13] 
COUNT] 3{ Ol. 3:1 118 | } 3 118] 
I5] 4] O02 4 | 117 | | 4| Baya 

| 

| 

| 

| 


N 
NO 


[16 | 5 | 116] 
4415 | 6 | 4|15| 
2(14| 7 | 2/14] 
4/13 | 8 | 4|13] 
Q4 9 | 2/12 | | 9| 2/12| 
OS: 1-20: 4/11 | [10] 4{11] 

et eat © Cote © aa faa =u t= =4 


a 03 
Q3 
O04 | 81 


6 | 
1 


Mm PM © HM & DH LS NM W 


| 
| 
| 
| 
| 
CLK| 5Sl O2 {1 5 
| 
| 
| 
| 


Mm NR DB HM HB MH HL NM W 


NS 
N 
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2.401 .4 Device Pin- 
Out Map 


*** Pin Map - COUNTER FOLLOWED BY MULTIPLEXER 


LOAD| 10 
SELECT|11 
Gnd |12 
UP| 13 
04/14 

Ai aes) 
05116 
L317 


2-34 


The following device pin-out map was generated during 


this successful placement. 


MACH~-110 
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| 

| 
Se el ae 
38|013 
37|1I10 
36|012 
35| CLK 
34| Gnd 
3315 
32| COUNT 
31|19 
30| O11 
29/18 
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2./.2 CONCLUSION Partitioning problems arose initially when logic-block 
packing was not optimized for this design with high 
device-resource requirements. 


When logic packing was optimized, routing problems 
occurred because the outputs were placed adjacent to 
each other, which obstructed the routing of inputs. 


By enabling the following two fitting options together, 
both the partitioning and routing problems were 
improved and a successful fit resulted. 


When compiling Select one combination 
Maximize packing of logic blocks? Y 


Expand small PT spacing Y 


This concludes the example. 
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3 UNIVERSAL ASYNCHRONOUS 
RECEIVER / TRANSMITTER: 
A DESIGN WITH SIGNAL 
GROUPING REQUIREMENTS 


This chapter uses a Universal Asynchronous 
Receiver/Transmitter (UART) design to illustrate how 
grouping signals that share common resources can 
lead to a successful fit in a MACH 230 device. The 
Signals — Equations Where Used segment of the 
MACH report contains information to help you make 
grouping decisions. 


The design in this example has an overall device- 
utilization of approximately 50%. You initially compile 
the design without grouping any signals. During 
MACH-report interpretation, you gain insight into the 
partitioning problems caused by product term 
distribution, wiring congestion, and block utilization. 
You then group specific signals so logic with common 
connections is placed in the same block. This opens up 
interconnect resources between blocks and reduces 
wiring congestion. Recompiling the design results in a 
successful fit in a MACH 230 device. 


MACH DESIGN WORKBOOK 


July 1991 3-1 


3.1 DESIGN Files related to this AMD-supplied design are stored in 
DESCRIPTION the directory noted below. 


\PALASM\EXAMPLES\WB\UART 


A block diagram of the UART design is shown on the 
next page. The TRANSMITTER block contains the 
input register, shift register and the parity and control 
logic. The RECEIVER block contains the receiver 
registers and clocking logic. ! 


This UART uses eight-bit data words with even parity, 
making it especially useful as a peripheral to a 
microprocessor data bus. During transmission, data is 
clocked into the input registers and then loaded into the 
shift registers. Parity and framing bits are added to the 
serial output stream. When input data is available, the 
UART supplies the clock for the serial input data 
stream. Start and stop bits synchronize the data so it 
can be shifted into a set of registers. If an error is 
detected, a corresponding flag is set to indicate the 
data is corrupt. If good data is received, it is loaded into 
the parallel registers that drive the receiver data bus. 


3.1.1 PINS A MACH 230 device supports 70 signal pins. This 


3-2 


design uses 32 of the pins as follows. 


* 17 input pins for DATA1 — DATA8, WEB, CSB, 
CLRB, CLK, CD, RXD, RESET, 16XCLK, and 
RCLKIN. 


¢ 15 output pins for TXRDY, TXD, OR, PE, FE, 
RXRDY, RCLKOUT, RDO — RD7. 


¢ 2 output pins are unusable due to the internal 
nodes 55 Idle and _55 Idlectl. 


Refer to Discussion 3.6, Schematics, for a complete set of UART schematic figures. 
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RECEIVER 
RCLKIN (___ > 


WEB C__> 
CD LS 
CSB L__> 
RESET [> 
RXD C__> 
16XCLK CL > 


a ea bo hee & 


a a4 4 


FE 
RCLKOUT 


TRANSMITTER 


UART Block Diagram 


3.1.2 MACROCELLS The MACH 230 provides 64 output macrocells and 64 
buried macrocells. This design uses 


¢ 24 1/O macrocells for the signals DATA1 — 
DATA8, TXRDY, TXD, 55 IDLE, RXRDY, 
RCLKOUT, RDO — RD7, OR, PE, FE. 


¢ 47 buried macrocells for other internal signals. 


3.1.3 PRODUCT The MACH 230 device provides 512 product terms 

TERMS (PTs). As currently implemented, 37 equations require 
one product term, 14 equations require two product 
terms, and 12 equations require three product terms. 
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However, because product terms are allocated in 
groups of four, the total number of product terms 
actually used is 252, as shown next. 


IMPLEMENTATION ACTUAL PTs ALLOCATED PTs 


12 Eqns. X3 PTs 
TOTAL 


A portion of the PDS file for the UART design is shown 
on the next page. This file was generated automatically 
during compilation from the schematic-based design. 
Prefixes, such as _46_, and suffixes, such as 2, result 


from the schematic hierarchy .2 


Refer to the PALASM 4 User's Manual, Section Ill, Chapter 7, for information on schematic signal 


names. 
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; NET2ZPDS = vers 4.05.21 (12/06/1990) = {¢)1i990 Advanced Micro Devices, Ine. 
; PDS file created L022 $1994 9:44a 
7» “SOuUrce filet “UART.. rk 
he a We VART 
REVISION A 
PATTERN A 
AUTHOR 
COMPANY AMD 
DATE: 77 027.991 
CHIP MACH230 MAC H2 30 
picid ee eee Eas RSS eS ee ed oe oP os a NORe Decl a ratt Ons. 4NO~Groupa nd) 
NODE ? LOS 9: a REGISTERED 
PN e RC LKIN 
NODE 2 22. weed, od REGISTERED OPAIR RD6 
NODE ? <2 03 81 REGISTERED 
PIN ? DATA1 IPAIR 46 Dl 
PIN ? DATA2 IPAIR 46 D2 
PIN ? DATA3 IPAIR 46 D3 
PIN ? TA4 IPAIR 46 D4 
pw ee le t Wile eee es Ee aw Poked ve BOO Lea BOUaC Ons. Seoment 
EQUATIONS 
ROP = GRD So f(s 2 Mads 2 RES DY Se C2 Me a RESET 2 OS): Fo 
RD woik t- 2 RCE KEN 
RD?7.setf = GND 
RD/.rstf = GND 
_2_X21 1 = (_2.X21 1 * /(_2_M44_1 + RESET)) + (( 2. M44_1 + RESET) * 
es 1038 _T) 
aA ROE ee So ROEKIN 
2 eet Tesecr SEND 
2 ee. Ta est hi = GND 
ROL = <6 Ft 4 
RDQ = { 2X27 TF } 
OR = { 2 RZ BE SF 
PE = { 2 R2O 1. 
ae a a 2 x30 E> 3 
UART.PDS Design File 
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3.2 COMPILE THE This discussion provides the setup and compilation 

DESIGN steps to compile the text-based design, UART.PDS. 
However, you can also compile the top-level schematic 
design, UART.SCH, which is provided with the instal- 
lation diskettes. 


Note: If you have a good understanding of the 
PALASM 4 software, you can use only the prompts and 


figures on the left side of this discussion to quickly 
advance to discussion 3.3. 


3.2.1 SETUP The following steps guide you as you retrieve the PDS 
file and verify setup options to ensure they are appro- 
priate to initially compile and fit this design. 


To begin from DOS, 


Cr’ 1. Type PALASM atthe DOS prompt, then press 
PALASM [Enter] [Enter] to run the software. 

Press any key ... 2. Dismiss the copyright notice and continue. 
[Space bar] 


To retrieve the design, 


1. Select the Change directory command from the 


File menu. 
Begin new design 
Retrieve existing design 
—— Ser files 
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C:\PALASM\EXAMPLES\ 2. Type the path name shown on the left and confirm. 
WB\UART [F10] 


C:\PALASM\EXAMPLES\WB\UART 


3. Select Retrieve existing design from the File menu. 


Mere design files 


[F2] 4. Display the submenu and select Text, activate the 


T (Enter] file-name field, type the file name shown on the left 
UART.PDS [F10] 


and confirm. 


The form on your screen should match the one below. 


Input format: Text 


File name: UART.PDS 


To verify the setup, 
1. Select Set up ... from the File menu. 


A submenu opens offering four setup options. 


Go to system 
Quit 
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2. Select Working environment from the submenu. 


Compilation options A form appears that identifies the following. 
Simulation options 
Logic synthesis options 


Editor program: C:\PALASM\EXE\ED.EXE 

RS-232 communication program: C:\PALASM\EXE\PC2.EXE 
Provide compile options on each run: b 

Provide simulation options on each run: 


Turn system bell on: 


Y 
Display design information window: Y 
D6 
Generate netlist report: ¥ 


The third specification allows you to confirm compilation 
options immediately before the process begins. 


Important: If the third specification on your screen 
differs, change it as indicated in step 3. In any case, 
complete step 4. 


J 3. Change the compile options specification if 
Provide compile options ... needed. 

Y 

[F10] 4. Confirm all specifications and dismiss the form by 


pressing [F10]. 
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To verify the logic-synthesis setup, 


r 1. Select Logic synthesis options from the submenu. 
Working environment 


Compilation options The following form appears. 
Simulation opticns 


LOGIC SYNTHESIS OPTIONS 


Use automatic pin/node pairing? Y 
Use automatic gate splitting? N ...if Y’, Max =4 


Opumize registers for D/T-type Best type for device 
Ensure polarity after minimization is Best for device 
Use ’IF-THEN-ELSE’,’CASE’ defaultas Don’t care 


The figure above shows options that must be specified 
for the first compilation of this design. 


| Important: If options on your screen differ, complete 
teps 2 through 4. 


S In any case, complete steps 5 and 6. 
Use auto ... pairing? 2. Type the correct letter to enable automatic pairing 
¥ and disable gate splitting. 
Use auto ... splitting? 
N 
Optimize registers ... 3. Display the list of options and type the letter B to 
[F2] select the Best ... options for register optimization 
B [Enter] and polarity specifications, respectively. 
Ensure polarity ... 
[F2] 
B [Enter] 
Use 'IF-THEN-ELSE’, 'CASE.... 4. Display the list of options and type the letter D to 
[F2] select the Don't Care option for the language 
- specification. 
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[F10] 5. Confirm all specifications in the form by pressing 
[F10]. 


The form is dismissed, any changes are recorded, 
and the Set up submenu is again displayed. 


[Esc] 6. Dismiss the Set up ... submenu. 


You're returned to the File menu; the Set up 
command remains highlighted. 


3.2.42 COMPILATION Now that you've verified basic setup options, you 
compile the design and interpret the report. 


To begin, 
1. Select Compilation from the Run menu. 


a = The Compilation Options form appears listing 
Simulation various specifications. 
Both 


Other operations ... COMPILATION OPTIONS 


Log file name: UART.LOG 
Run mode: AUTO 
Process from 
Format: Text File: VART.PDS 


Check syntax: N Merge mixed mode: 
Expand Boolean: N Minimize Boolean: 
Expand state: N Assemble: 


For this design, automatic run mode is used. In this 
mode, a Y after an option in the lower part of the form 
guarantees the option will execute. The software 
determines if any other options need to be run. 
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Important: Be sure to complete the steps below to set 
the execution-log name and run mode. 


UART.LOG [Enter] 2. Enter the execution-log file name shown on the left. 


The Run mode field becomes active. 


[F2] 3. Display the options list and select Automatic. 
A 
[F 10] 4. Confirm specifications in the form by pressing 
[F710]. 


A new form appears showing the MACH fitting 
options to be used. 


MACH FITTING OPTIONS 


OUTPUT: 

Report level Detailed 
SIGNAL PLACEMENT: 

Float all signals and ignore grouping? N 

Use placement data from Design file 


Save last successful placement <F3> 

Press <F9> to edit file containing Last sucessful placement 
FITTING OPTIONS: 

When compiling Select one combination ... 


Maximize packing of logic blocks? 
Expand small PT spacing? 
Expand all PT spacing? 


Important: The specifications on your screen should 
match the above figure. If they differ, complete steps 5 
through 8. In any event, complete steps 9 and 10. 


Report level 5. Display the list of options and type the letter D to 
[F2] select Detailed for the report option. 
D [Enter] 
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Force all signals ... 
N 


Use placement ... 
[F2] 
D [Enter] [Enter] 


When compiling 


[F2] 
SY NN [F10] 


[F10] 


[Esc] 


Execution log file 
Design file 


6. Type the letter N to use pin and grouping 
assignments. 


7. Display the list of options and type the letter D to 
select Design file as the placement data option. 


8. Display fitting options, type the letter S for Select 
One Combination, then the letters Y N N to set the 
options. 


9. Confirm all specifications. 

A window opens as the process begins. Error 
messages and explanations will scroll by as the 
compilation executes; this takes several minutes. Upon 


completion, you also see the fitting process terminated 
with errors and warnings. 


10. Dismiss the process window. 
To review the MACH report, 


1. Select the Reports ... command from the View 
menu. 


2. Select the Mach report command from the 
submenu, then scroll through the report. 


Tip: To print the report, you select the Other file 
command from the Edit menu, enter the name below, 
and print from the text editor as usual. 


UART.RPT 
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3.3 INTERPRET 
INITIAL REPORT 


3.3.1 INTERPRE- 
TATION 


3.3.1.1 Flags Used 


This discussion is divided into three parts, as follows. 


« — Interpretation 
¢ Problem Summary 
- Improvement Strategies 


Important: This discussion illustrates portions of the 
MACH report. However, many of the report segments 


are too lengthy to show in their entirety. Missing text is 
indicated with vertical ellipses. 


Discussions below explain and show what various 
segments of the MACH report reveal about this design 
and the unsuccessful fitting process. 


The flags-used segment indicates the flags used for a 
specific fitting attempt, as shown next. 


Flags Used: Unplace=True Max Packing=True 


Flags Used: Expand Smali=False Expand Ali=Faise 


3.3.1.2 Pair 
Analysis/Pre- 
placement 


3.3.1.3 Timing 
Analysis for Signals 


July 1991 


Ordinarily, the pair analysis segment identifies errors 
caused by illegal pair declarations in pin and node 
statements. The preplacement segment identifies 
illegal and conflicting preplacement data. Neither 
segment is shown because no errors were reported for 
this circuit. 


The timing-analysis table, shown on the next page, 
indicates various kinds of delays. 


Ali signals listed have the maximum delay, which 
specifies the number of passes througn the array. 
Signals in this design do not exceed two array-pass 
delays. This segment offers no clue about the 
unsuccessful fit. 
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*** Timing Analysis for Signals 


Parameter Min 
ipa 1 


Tsu 
Tco 
Ter 


Max Signal List (Those having Max delay.) 
1 RCLKOUT < PO2 st _2 M48 _0O 
TXRDY TXD 
RXRDY PE FE 
39 MiSs: 2 
_46 TAG 2G MIO 41 5S) PARITY. 0:01 
JOO MI. a OR PE 


os ol 


Combinatorial propagation delay, input to output 


Combinatorial setup delay before clock 


clock to output. (register output to combinatorial output) 


Clock to register setup delay 


(Register output thru combinatorial logic to reg input) 


delay values are expressed in terms of array passes 


3.3.1.4 Device- The device-resource table indicates available resources 
Resource Checks in the selected device, those required by the design, 


and the percentage of utilization. 


The segment of the report, shown next, indicates the 
following use of device resources. 


° Pin utilization, 48% 
° Product-term utilization, 48% 


Strictly speaking, the number of product terms required 
for this design is 101. However, product terms are 
automatically allocated in clusters of four, so this design 
actually uses 252, or 48% of the total product-term 
resources. 


*** Device Resource Checks 


Available Remaining 


Clocks: 
Pins: 

l7O Macro: 
Total Macro: 


Product Terms: 


MACH-PLD Resource 
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4 1 
70 36 
6 4 48 

L238 65 
i Be 260 


Checks OK! 
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3.3.1.5 Block The partitioning segment of the report is shown below. 
Partitioning It provides several groups of information. 


Last Equations Placed in Blocks is divided into two 
groups, Weakly and Assign, that identify signal affinity, 
if any. 


Though not relevant to this design, information here can 
help you determine which signals to remove if you need 
to re-engineer the design. 


Partitioning Design inte Blocks... 


*** Last Equations Placed in Blocks 


Weakly - RXRDY 
Assign - 2 M44 1 


Block Partitioning Results provides statistics about 
the placement of logic in MACH blocks: remaining 
macros, the number of array inputs, I/O and buried 
macros used, the number of product terms used, and 
signal fanouts. 


As you can see, the logic is partitioned between eight 
MACH blocks, A — H, in equal proportions. Each block 
is limited to one unique reset and preset definition. 


*** Block Partitioning Results 


Array Macros Buried Product Signal 
Inputs Remain LOGic¢ Terms Fanout 
19 32 Lid 

7 36 


15 28 
i 24 
10 SZ 
10 36 
ce op 
12 SZ 


Block Signal List identifies which signals were placed 
into the specified MACH blocks. 
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zee Block Signal hist 


BLock=> A _2 M48 0 tc RR E. -D RD2 eed Ae ck 
LBM 2! SS PARE EY OO) SoS TSCl oO a9: . De 
Block-> B DATA8 46 DB DATA6 46 D6 
DATA3 46 D3 DATA1 AG DA 
4 oP o 2) Oar 7 RD1 f2 OD: Oe 
RD? 
BLOCK =>: :C 46 M6_I 46 Q4 _2 M54 3 ce TO: 2 
_2_ 1038 1 RDO PE 
Block-> D _46_Q6 46 Q2 2 M54 2 OR 
ee Me oa RCLKOUT 
BLOCK=> -E DATA? 46 D7 46 Q3 _46 TAG 
pea ae ee ae we EOS od FE 
RD6 
Block-> F 46 Q7 DATAS _46_ D5 2 8y 0 
ec eon 2 _2 M49 I Pe tO Ve ae: ie’ 
2 1039 I RD5 
Block-> G _46_ Q8 DATA4 46 D4 TXD 
TXRDY _55 TLOADCTL _56 M19 1 £2 108 2 1 
RD4 
Block-> H AOA: 22 46 Q5 DATA2 46 D2 
2 MS6".2 _2 M44 1 RXRDY 2 ORM. 2 & 
RD3 


Device Utilization identifies an overall device utilization 
of 47%. Though it provides information related to 
internal processing, it does not reveal any fitting 
problems. 


{> INFORMATION FO50 - Device Utilization 


Errors and warnings appear if any occur during 
partitioning. In this design, errors are reported 
concerning connection problems and congested wiring. 
These problems can be solved by redistributing signals 
into strategic groups. This frees interconnection 
resources for large equations like 59 TSC1_Q. 


{ 
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|Assigning Resources... 


*** Macro Block 4H 


I/O Macros> 


Targets> 0 (82) 
RD3 (H 0) 
RXRDY (H_ 2) 

Buried Logisc> 
Targets> 4 (80) 
aa Oe Wee “AR 


[ae CERRO Bs soe Gs os 


Buried Logic> 

ee TOS 
Targets> 
LOU 


* Retry Mapping 
* Retry Mapping 
ee ook ee ae 4) 
Ree ee oe H oe 
46.05 6 ) 
_2 M44 i H 14) 
2. POS) 3 H 15) 


3.3.1.6 Signals, 
Tabular 


46 D2 
12 (76) 


Connection problem 


_2.M56 2 


-> 
-> 
-> 


(D 
(A 
(A 
eae 
(A 


a a) 


-> 


RXRDY 


(Waring Congested) “= ‘46 D2 
46 Q5 se Maes 2 ee ae 
4 (80) 5 (na) 6 (79) 7 (na) 8 (78) 9(na) 
12476} 13 (na) 14 (75) 15 (na) 
(Es 32) 
(Dir 3) 
(B “O) Te “Bj 1D B) CE Spi Oy (6G Cy oe. 4 


3) 
Blocked -> No Reshuffie Possible 


The information in this table can be useful when you want 
to minimize inter-block connections. The following 
information is provided. 


¢ Signal names and corresponding pin numbers 
° Pin and node numbers 
. Macrocell block and cell location 
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e Pin type 

¢ Logic type: D-type, T-type, Comb, etc. 

¢ Number of product terms used for outputs 
¢ The block(s) driven by each signal 


Each question mark, ?, in the (Loc) field indicates an 
unplaced signal. You can see in the segment shown 
next, some pins are unplaced because the process 
terminated before completion. 


*** Signals - Tabular Information 


Signal P/N # 
RCLKIN 65 
RXRDY 81 
L16XCLK 62 
RXD 57 
RESET 4l 
RD7 Lo 
ee 68 
te hee ot 82 


Type 
eloeck: “pin 
Lio aN 
clock pin 
input 
input 
ifo pin 


out pair 


) 
4 
2 
3 
8 
2 
0 
2 
0 


out pair 


46 Mo I buried 
_55_TLOADCTL buried 
99 PARLTY O01 buried 
ovo MIS 2 buried 

Bo ea ee buried 

2209 MLB» 2 buried 

oo RSC dO buried 
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3.3.1.7 Signals, 
Equations 


July 1991 


This segment of the report provides a comprehensive 
list of Source signals; the signals driven by each source 
appear in the fanout list. Output signals not fed back 
through the array are listed as outputs with no feedback 
at the end of this segment. Part of this segment is 
shown next. 


This segment is very useful in determining which 
signals need to be placed in different blocks to reduce 
wiring congestion. For each signal source, a fanout list 
is provided, followed by the block location of each 
fanout signal. For example, in this segment for the 
UART design, the signal 46 Q1 fans out to only one 
signal, 46 Q2, which is located in block A. 


Note that the blocks associated with the signals are 
enclosed in brackets. Ideally, all the letters indicating 
blocks in each set of brackets would be the same for 
minimal wiring congestion. As expected, the Q shift- 
register outputs in the transmitter block drive a large 
number of output signals. 
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*** Signals - Equations Where Used 


Signal Source 
RCLKIN 
RXRDY: RXRDY 
{HDD} 
L6OXCLK: RCLKOUT 
{ D } 
RXD: _2 M49 I 
{PE} 
RESET: RD? 
: RD3 
: OR 


_2 1038 1 
[a TO8 8-57 
2 1034. 1 
_2_1047_1 
OR 
{BEFG HABC DDFE 


46 Q7: _55_ IDLE 
_59 M11_1 

{AGAA AA} 
_46 Q8: 55-2 DBE 
_59 TSC1_Q 


{AAAA A} 


_59 TSC1_Q: 
{ H } 


eee Outputs with no feedback 


RCLKOUT 


Fanout “List 


OR 


_2_M60 2 


RD6 

RD2 
RCLKOUT 
RDS 

RD3 

RD1 

2 M44 1 
_2 M48 0 


RDS 

RD1 
_2_1039_ 1 
_2_1037_I 
2 O32 1 
_2_RDR1_D 
2 LOD a 
_2 M69 2 


CFEG FHGA HBAC BHBE DAF} 


46 Q8 55 PARITY 001 


_59 TSCi_Q 


_55 PARITY 001 
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Although a feedback and a logic map were generated, 
they provide no further information for determining the 
grouping structure for the UART design. The final 
messages in the report indicate the name of this report 
and the number of errors and warnings. 


3.3.2 PROBLEM The main obstacle revealed in the MACH report is 

SUMMARY wiring congestion. 

3.3.3 GROUPING You can use the information in the Signals — Equations 

SIGNALS TO REDUCE Where Used segment of the MACH report to group 

WIRING signals. Ideally, all letters indicating blocks in each set 

CONGESTION of brackets should be the same for minimal wiring 
congestion. 


For example, refer to the fanout list for signals 46 D2 
and 2 M48_0, shown next. 


_46 D2: #55 TDLE 46 Q2 55 PARITY 001 
: _59 M1l1_1 $9 -TSC1_9 
{ADAA AA} 


_2 M48 0: 


| DCED CE} 
For signal 46 D2, the bracketed letters, {ADAA AA}, 
refer to the fanout list as follows. 
e  _55 IDLE isin block A 
© —46 Q2isin block D 
¢ _55 PARITY_001 is in block A 
°e 59 M15 2isinblockA 
_59 M11_1isinblockA 
« _59 TSC1_Qisin block A 
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If signal 46 Q2 is grouped into block A, instead of D, 
wiring congestion is reduced because 46 D2 no 
longer fans out to block D. The new block fanout can 
be summarized as {AAAA AA}. 


The same principle can be applied to all the signals in 
the 2 M48_0 fanout list: they can all be placed in 
block F to reduce wiring congestion. 


You can add group statements in the PDS file, 
immediately preceding the equations segment. The 
UART_G.PDS file, supplied with the installation 
software, contains the following group statements.° 


group MACH_SEG G_2 102 |ORPE FE 

group MACH_SEG_F RD6 RD5 RD1 RDO RESET 
2 1039 | 2 1038 1 2 1037.1 2 1047! 
_2 M48 0 


group MACH _SEG E RD4 RD3 RD2_2_1033_| 
_2 1032.1 2 1031_1 


group MACH_SEG_A_55_IDLE_59 TSC1_Q DATA2 
46 D2 46 Q2 


group MACH_SEG_B DATAS DATA6 _46 D5 _46 D6 
_46.Q5 46 Q6 


group MACH_SEG_D DATA7 DATA8 _46_D7_46_D8 
_46_Q7_46_Q8 


group MACH _SEG_C DATA1 DATA3 DATA4 _46 D1 
46 D3_46 D4 46 Q1_ 46 Q3_46 Q4 


The UART files are located in the directory \PALASM\EXAMPLES\WB\UART. 
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Note: When you compile the UART_G.SCH design, 


the resulting PDS file will automatically contain the 
correct statements. 


You can also group signals at the schematic level by 
adding node macros and editing part field 2.4 A 
schematic reflecting the grouped signals is shown in 
discussion 3.6, with the name UART_G.SCH. 


Important You cannot group signals with different 
preset or reset product terms in the same block. Each 

block in the MACH 230 device contains only one unique 
preset and reset product term. 


The next discussion describes how to compile the 
UART_G.PDS design. 


4 Refer to the PALASM 4 User's Manual, Section III, Chapter 7, for information on the node macro. 
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3.4 RE- 
COMPILING 


Merge design files 


[F2] 
T [Enter] | 
UART_G.PDS [F10] 


Simulation 
Both 
Other operations ... 
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You use steps below to retrieve the UART_G design 
and initiate a new compilation process. 


To retrieve the design, 


1. Select Retrieve existing design from the File menu. 


2. Display the submenu and select Text, activate the 
file-name field, type the name at left and confirm. 


The form on your screen should match the one below. 


Input format: Text 


File name: UART_G.PDS 


To compile the design, 


1. Select Compilation from the Run menu. 


Note: If you have a good understanding of the 
PALASM 4 software, you can use the prompts and 


figures on the left side of this discussion to quickly 
advance to discussion 3.5. 


The Compilation Options form appears listing various 
specifications. 
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COMPILATION OPTIONS 
Log file name: UART_G.LOG 
Run mode: AUTO 
Process from 
Format: Text File: UART_G.PDS 


Check syntax: N Merge mixed mode: 
Expand Boolean: N Minimize Boolean: 
Expand state: N Assemble: 


For this design, automatic run mode is used. In this 
mode, a Y after an option in the lower part of the form 
guarantees the option will execute. The software 
determines if any o:her options need to be run. 


important: Be sure to complete the steps below to set 
the execution-log name and run mode. | 
UART_G.LOG [Enter] 2. Enter the execution-log file name shown at left. 


The Run mode field becomes active. 


sar 3. Display the options list and select Automatic. 
[F10] 4. Confirm specifications in the form. 


A new form appears showing the MACH fitting 
options to be used. 
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MACH FITTING OPTIONS 


OUTPUT: 
Report level 

SIGNAL PLACEMENT: 
Float all signals and ignore grouping? N 
Use placement data from 


Save last successful placement 
Press <F9> to edit file containing 


FITTING OPTIONS: 
When compiling 


Detailed 


Design file 
<F3> 
Last sucessful placement 


Select one combination ... 


Maximize packing of logic blocks? 
Expand small PT spacing? 


Expand all PT spacing? 


[F10] 


[Esc] 


Execution log file 
Design file 
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3. Confirm all specifications. 


When the process finishes you see that the compilation 
was successful. 


4. Dismiss the process window. 
To review the MACH report, 


1. Select the Reports ... command from the View 
menu. 


2. Select Mach report from the submenu. 


Tip: Again, to print the report you select the Other file 
command from the Edit menu, enter the name below, 
and print from the text editor as usual. 


UART_G.RPT 
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3.5 INTERPRET The two discussions here are divided according to 


FINAL REPORT report interpretation and the conclusion. 
3.5.1 INTERPRETA- As you might expect, most areas of the MACH report 
TION show no significant difference when compared with the 


initial report. However, certain segments are revealing. 


3.5.1.1 Block The first part of this segment, with last equations placed 

Partitioning and affinity information, is unchanged. However, 
partitioning results confirm all node and output signals 
were placed within MACH 230 logic blocks. 


° Signals 2 1IO2_1OR PE FE are in block G. 

¢ Signals RD6 RD5 RD1 RDO RESET 2 1039 _| 
_2 1038 | 2 1037.1 2 1047_1 
_2 M48 O are in block F. 


. Signals RD4 RD3 RD2 _2 1033.1 _ 2 1032_| 
_2 1031_| are in block E. 


* Signals 55 IDLE 59 TSC1_QDATA2 46 D2 
_46 Q2 are in block A. 


¢- Signals DATAS DATA6 46 D5 46 D6 46 Q5 
_46 Q6 are in block B. 


. Signals DATA7 DATA8 _46 D7 46 D8 46 Q7 
_46 Q8 are in block D. 


- Signals DATA1 DATA3 DATA4 _46 D1 _46 D3 
46 D4 46 Q1 46 Q3_46 Q4 are in block C. 


Tip: If you want an even more optimal fit, you can 


group other signals to free resources for future design 
revisions. 
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eee. BLOCK Partitioning Results 


Array Macros # I/O Buried Product Signal 
Inputs Remain Macro Logic Terms Fanout 
Block-> A 22 E 2 zi 36 i 
Block-> B 10 8 2 6 32 8 
Block-> C 9 9 0 7 28 11 
Block-> D 10 9 0 ei 28 13 
Block-> E 9 y 3 6 36 9 
Block-> F 10 6 4 6 40 14 
Block-> G aaa 10 4 2 24 7 
Block-> H 11 9 1 6 28 18 
eee Block Signal List 
Block-> A _2_M72_1 RCLKOUT 59 M111 59 M15 2 
_35 PARITY: 6.01 59 SP SC1.0 _46_Q2 DATA2 
46 D2 235. DLE 
Block-> B TXD TXRDY _55_ TLOADCTL _56 M19 1 
46 Q6 46 _Q5 DATA6 _46 D6 
DATAS 46 D5 
Block-> C _2 M54 2 46 Q4 46 _Q3 46 Ql 
DATA4 46 D4 DATA3 _46 D3 
DATA 46 Dl 
Block-> D _46 TAG _2 M56 2 _2. M49 I 46 Q8 
46 Q7 DATAB _46 D8 DATA? 
46 D7 
Block-> E _59 M18 2 _2 M60 _ 2 _2_RDR1_D /22 3031.1 
RD2 2 1032-3 RD3 210337 
RD4 
Block-> F _2 M69 2 _2 M48 0 2 1047 I RDO 
RD1 o21037..2 RDS 2270382 
RD6 _2_ 1039 _I 
Block-> G 22 MIA RD? FE PE 
OR 2s O22 
Block-> H _46_M6_I _2_M54 3 £2 MST _2_M70_2 
2 M69 1 2 M44 1 RXRDY 
Additional signal placements are discussed later, as 
you review the logic map. 
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3.5.1.2 Signals, The Signals — Tabular Information segment indicates 
Tabular every signal in the UART design has been placed. 


*** Signals - Tabular Information 


Signal P/N # 
RCLKIN 65 
RXRDY 82 
16XCLK 62 
RXD a 
RESET 56 
RD7 66 
_2_X21_1 88 
oe oe ae 86 
eae ae 70 
_2 X24 I 68 


1@) 
Q 


Type 
elLock pin 

i/o pin 
elock pin 


input 
input 
i/o pin 
out pair 
out pair 
out pair 


2 So? DO? DS OO OO Oo 
he 
NO PF PHD COCO HN WOhm~ 


out pair 


46 Q6 buried 

46 Q7 buried 

_46 QO8 buried 

On EMS a buried 
46 M6 I buried 
_95_ TLOADCTL buried 
oo PAR LLY O02 buried 
299. Mio 2 buried 
ooo MA a buried 
_99 M18 2 buried 

99 TSCl1 Q buried 


BWR We FP dm Be PP 


ee 
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3.5.1.3 Signals, 
Equations 


As a result of the grouping, several signals fan out to 
fewer blocks than before, as illustrated in the table 


shown next. 


*** Signals - Equations Where Used 


Signal Source 


{GREE -EEFF GAFF FRPFE EEEE. EPEP ‘-FHGH: -GFF} 


RCLKIN 
RXRDY: RXRDY 
{HGG} 
16XCLK: RCLKOUT 
{A} 
RXD: _2 M49 I 
{DE} 
RESET: RD? 
; RD3 
OR 
22 .TOSB. I 
_2_1033_1 
{2° 703) 3 
<2 100% 1 
OR 
46.07: _55 IDLE 
: 59 M111 
{ADAA AA} 
46 Q8: _55_ IDLE 
59 TSC1_Q 
{AAAA A} 
_59 M18 2: 255. IDLE 
{AA} 
_59 TSC1_Q: _59 M18 2 
{E } 
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Fanout List 


OR OR 

_2 M60 2 
RD6 RDS 
RD2 RD1 
RCLKOUT _2_ 1039 I 
RDS 2-037. 1 
RD3 2 Oa 
RD1 _2_RDR1_D 
_2._M44_1 ae coy see 
_2 M48 _0 _2 M69 2 


46 Q8 _55 PARITY 001 
_59 TSC1_Q 


_55 PARITY 001 _59 M15 _2 


259. 9 S61 6 
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RD4 
RDO 
RD6 
RD4 
RD2 
RDO 
_2_M69_1 


_59 M15 2 


_59 M11_1 
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3.5.1.4 Feedback 
Map 


July 1991 


The feedback map provides an overview of output 
signals feeding back to drive other outputs. It also 
provides a visual measure of connectivity requirements. 
Input signals that could not be routed are not shown. 
Information here complements information in the logic 
map. 


This map shows how each input and feedback signal is 
routed through the switch matrix to the array. The 
numbers on this map correspond to switch-matrix 
blocks, not to logic-block locations. Switch-matrix 
blocks feed the PAL arrays, which in turn feed macros 
through the logic allocator. 


lf a signal name appears in the feedback map, it means 
the signal is fed back through the array to drive another 
equation. Note that most of the signals in the design 
are fed back to the internal logic. 
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*** Feedback Map - UART G 
Gbl ITnp. .== TiO ewe teaAeedtae. <0 L7O° 2S Sea Beateey ayo 
f 20K | O| I25| 46 Q95 CSB 3. ..04 eee 
aa 46 D2 : 1 |24| 46 Q6 oo PARE Ed [24 | 
| 20 OMe. 324 [23] 46 Q3 _46 D6 2 | 23 
|. 4 46 _Q4 : 3] [22{ 46 Q1 46 Q4 3 | p22. 
| 4] 46 M6 I 4| [21]! 46 _Q2 46 M6 I 4| 2 
| S| 46 98 : SI [20{ 2 M54_ WEB : 5| | 20| 
fees. OO UM. 6 broil: 59 M18 | 6| [19{ _46 Q5 
RESET 7 | }18{ 46 Q7 | 7 P28) -CiRB 
_2 M56 2 8! |17| (46 TAG | 8] Si 
L6XCUR: -2. - 94] }16| 55 _ IDL |; ~S>} i 16] 
2 MI2 Tr 20 (Se) 2 M4. 46 D5 :10| }15| 
1, IMO. a is }14: 2 M54_ ee a (ia 56: Mie 
[12 | PES i {12| } 13 
t--+--C--+--' '--~+~--D--+--' 
RD4 : O| rae RD1 0 | |}25| RESET 
ome TSC) <i] | 24] _2 M69 1 #1i |} 24| 
~#@ AQZ2.. 2) | 23] RD6 2 | eZee 
22.7037 .. 3 | 22| {2 1037. 35 [22] CSB 
_55 IDLE 4] | 21] RDO : 4| eae 
| S| | 20 | | 3] | 20| 
2. 2033.. “6: 119] RD2 _2 M70_2 6| pee 
CSB : 7] [8+ -2.FOSB?: Td Eeey ..2- LO89 
_2. M44 1 8 tT | _2 M44 1 8 ee i ee - l 
RXD 9 | [16] RESET _2._M69 2 @| [A6-P 2104) 
21031 10°] [1S }10| }15: 2 RDR1 
CD. 51-2. 114 | CD 222) [143 RD5 
RD3 :12| (135; WEB (a2: | [13: WEB 
feot-~-G--+-~' '--+--H--+--' 
_2 M44 1 0| 125 | _2 M44 1 = O| Kea 
CSB .s- 1 | 24 | aoe [24t <2.MS0.. 
CD : 2| [235 _2.-M54 2 2| P2a 9S "PhO 
BE 3 3] | 22| | 3] | 22| 
| 41 (22) “CD _55_ IDLE 4| {211 
WEB : 5| [20] OR 22 102.T -5: | 20] 
| 6| }19} 2 M69_ | 6| [a2 
RD? 7 | 118] RXRDY RESET 7 | Va: 32 M2 
FE 8 | [}17| RESET RXRDY 8 | PLoy 2 ROG] 
ye M69: 2° 9 }16| | 9| |} 16] 
2 ,7039:. 10] A Os 4 2. MD. ge Moe 310) ees: 2. MeO. 
_2_ M48 0 11| [14 | |.L4] {14 | 
(12:] ae } 12 | bes: 2 Mt. 
ciate deawt ® Goes! © tne teal ,e—-+—-u--ut--' 
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3.5.1.5 Logic Map The logic map graphically summarizes the assignment 
of output signals and internal nodes for each block in 
the MACH device. It also shows the signals assigned 
to global input pins. This can help you gauge device 
utilization, distribution of signals among logic blocks, 
and assignment of signals to macros. During the fitting 
process, output signals are placed before input signals 
are routed. 
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Ae * LOGIC: Map UART_G 
Gbl Inp .-- I/O .--+--A--+--. I/0 I/O ,--+--B--+--. I/0 
04 RCLKOUT | O| 2 P29: | TRRDY:f 1 OF> 2 i220 | 

Ciky; 44 | aM |24| ie [24] 

CSB). 24- 55 1DGE: 2) 2 | 23) TMD: fs 24 4 [231 
16XCLK] 3| | 3] [22 a C22) 
RCLKIN{ 4] 59 TSC1i 4] 1 b2 1 | 4]. adel 

WEB] 5] ee ee ae | 20] MEDS 25, a | 20} 

'--' (55 PARI 6] 3 [19 46 Q5 | 6] 1 , 19 
_59 M11 7] 3 (18| 46 D6 | 7] 1 118] 
_46_Q2 | 8j 1 Blee | 8] Seg 
ie ee 6" | | 9| . [16 | 
}10] 1415; _59 M15 Belton ey 
Pr] 2114] _2_M72_ Tay 1114! _46 Q6 

(22) 2 21034 JBOCTLOR. 220-1 .2PES (56. M19 
'+~-—+-+--C--+--' '~-+--D--+--' 
RD2 | O| 3 [25] RDO | O| 3 (252 
_2 M60 2 14 1 }24| 2.1038 1] 1 124 | 
Rps 2) <3 [23] RD1 {| 2] 3 | 23} 
| 31. [22 | (ao! << | 22} 
RD4 | 4] 3 Pe RDS | 4] 3 foe} 
eo os ee |20| ft oS? | 20| 
| 6| ; 19 RD6 | 6/1 3 ;19| 
2 tOS2.. FL 3 } 18 Ib ee sa |18| 
_2_RDR1_ 8] 1 [17| 2 1047 8} 1 {17| 
| 9 }16| 221037, 8) 3 i16| 
}10| if iS: .. 22556032 2 M69..2 104.2 - 254 

fll} . 1/141 _59 M18 Pity « 2114) .2 Mae. 
p22 ae a S225039, 2 IN tea 
'—-~+--G--t+--' '—-—-+=—--H--+--' 
RD7 | O| 3 25°] RXRDY | O| 2 L254 
PAD <x | 24] | 1] 124 | 
FE | 2{ 2 [23] _2 M69 1 2{ 1 {23 
ese 22] E sat Ss [221 
PE | 4] 3 (244 _2.M54 3 4| 2 2a] 
[| 21>. |20| [Bale oe h2o: 
OR | 6] 2 [19] 2iMS7-2- "6h 2 119] 
ee | 18} | 7 [18 
[8d (294 | 8 ee 
Pal }16| | OI [16 | 
[10] gif 97] 46 M6 I 10} 1) .14151 

eee 2114] 2 102_ [11] 1/14) _2.M44_ 
ee ee ese ee re Lc a> MIO 2 2 ds SS 
ee = eet pbasticts Staal? Coated! * sa Seadiates 
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3.5.1.6 Device Pin- The following device pin-out map was generated during 
Out Map this successful placement. 


te Pay Map = UART. «6 
WEB 
RC LKOUT | RXRDY 
259). L DLE. || | | 
DATA2 | | Is sie les & 
oe ae pod ae ee 
Hh ale! Ale es ae Fe a) 
eo ot ef I do = We We Spe zs 
I). ead itd UN OB et alee 
fe Ee cal ht a el 4 po we als Sie cae, ak? as oe 
HL a UGS ele Sr Sasa a ee Came ca ce oer Om Ls S| 
~roocore i oy 
| 11 8 8 8 8 8 77 7 7 7 | 
| DQ Ges 8: Pee. 6A 32 a Be oS 2 8s: DS SF > 3S | 
}12 Gnd 74| 
bid= <6 V GY 73 | 
[14 on e Me 2e 72 | 
[to° Ad ed < * Arels| 
DATA6|16 70 | 
DATAS|17 69| OR 
TXD/18 68| PE 
TXRDY|19 67|FE 
{20 66|RD7 
V2. Ver MACH-230 65| RCLKIN 
|22 Gnd Gnd 64| 
CLK |23 VCe. 6.5: 
DATA1 124 62| 16XCLK 
DATA3|25 61{ RDO 
| 26 60| RD1 
|27 59|RD5 
{28 58|RD6 
DATA4|29 V GY S 6] 
| 30 Can: 36 n 56| RESET 
sent evd.-¢ Ga “35 
|32 Gnd 54 | 
| 33333334444 4444 4 45 5 5 5 | 
| 3456789012345 6789021 2 3 | 
4 eS <5 i os =. ae — 3 oe “acca ait: educa Xepaas bie" oes Yess > a poe = pe = *< ee ee, Cee | 
AE Se ke Uo Se ier 4 refs oie AE. AIF. iy Ui 
a ee ee eee Ce es a Shes che Aa SE 
SUG. cit gi meh dt tes oe ee ae, | Ones Se J 
CD te os ah a i) is de Sa ode 
CLRB | | {| | | i ed Cee a 
RAD. TP Te. Bs a ais SL) 
“OO AD EECL LG, |: i ts a ah 
DATA8 | | | | RD4 
DATA? | | RD3 
CSB RD 2 
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3.5.2 CONCLUSION We see that grouping signals eases the wiring 
congestion in the UART design, enabling the design to 
fit into a MACH 230 device. 
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3.6 SCHEMATICS Figures of each schematic in the UART design are 
included next. The top-level schematic is shown 
twice: first without grouping at the beginning of this 
section, and then with grouping in place at the end of 
this section. 
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